PHENYLALANINE DERIVATIVES 



This invention relates to a series of phenylalanine derivatives, to 
compositions containing them, to processes for their preparation, and to 
5 their use in medicine. 

Over the last few years it has become increasingly clear that the physical 
interaction of inflammatory leukocytes with each other and other cells of 
the body plays an important role in regulating immune and inflammatory 
10 responses [Springer, T A. Nature, 346. 425, (1990); Springer, T. A. Cell 
7.6 . 301 , (1994)]. Many of these interactions are mediated by specific cell 
surface molecules collectively referred to as cell adhesion molecules. 

The adhesion molecules have been sub-divided into different groups on 
15 the basis of their structure. One family of adhesion molecules which is 
believed to play a particularly important role in regulating immune and 
inflammatory responses is the integrin family. This family of cell surface 
glycoproteins has a typical non-covalently linked heterodimer structure. At 
least 14 different integrin alpha chains and 8 different integrin beta chains 
20 have been identified [Sonnenberg, A. Current Topics in Microbiology and 
Immunology, 184 . 7, (1993)]. The members of the family are typically 
named according to their heterodimer composition although trivial 
nomenclature is widespread in this field. Thus the integrin termed a4(31 
consists of the integrin alpha 4 chain associated with the integrin beta 1 
25 chain, but is also widely referred to as Very Late Antigen 4 or VLA4. Not 
all of the potential pairings of integrin alpha and beta chains have yet been 
observed in nature and the integrin family has been subdivided into a 
number of subgroups based on the pairings that have been recognised 
[Sonnenberg, A. ibid\ . 

30 

The importance of cell adhesion molecules in human leukocyte function 
has been further highlighted by a genetic deficiency disease called 
Leukocyte Adhesion Deficiency (LAD) in which one of the families of 
leukocyte integrins is not expressed [Martin, S. D. et al J. Exp. Med. 164, 
35 855 (1986)]. Patients with this disease have a reduced ability to recruit 
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leukocytes to inflammatory sites and suffer recurrent infections which in 
extreme cases may be fatal. 

The potential to modify adhesion molecule function in such a way as to 
5 beneficially modulate immune and inflammatory responses has been 

extensively investigated in animal models using specific monoclonal 

antibodies that block various functions of these molecules [e.g. Issekutz, T. 

B. J. Immunol. 3394, (1992); Li, Z. etal Am. J. Physiol. 263, L723, (1992); 

Binns, R. M. ef a/ J. Immunol. 157. 4094, (1996)]. A number of 
10 monoclonal antibodies which block adhesion molecule function are 

currently being investigated for their therapeutic potential in human 

disease. 

One particular integrin subgroup of interest involves the a4 chain which 
15 can pair with two different beta chains J51 and 07 [Sonnenberg, A. ibid\ . 
The a4f31 pairing occurs on many circulating leukocytes {for example 
lymphocytes, monocytes and eosinophils) although it is absent or only 
present at low levels on circulating neutrophils. a4fJ1 binds to an adhesion 
molecule (Vascular Cell Adhesion Molecule- 1 also known as VCAM-1) 
20 frequently up-regulated on endothelial cells at sites of inflammation 
[Osborne, L. Cell, S2, 3, (1990)]. The molecule has also been shown to 
bind to at least three sites in the matrix molecule fibronectln [Humphries, 
M. J- etal . Ciba Foundation Symposium, 189. 177, (1995)]. Based on 
data obtained with monoclonal antibodies in animal models it is believed 
25 that the interaction between oc401 and ligands on other cells and the 
extracellular matrix plays an important role in leukocyte migration and 
activation [Yednock, T. A. etal . Nature, 3§6_, 63, (1992); Podolsky, O. K. 
etal . J. Clin. Invest. 92, 373. (1993); Abraham, W. M. etal . J. Clin. Invest. 
S3, 776, (1994)]. 

30 

The integrin generated by the pairing of a4 and (37 has been termed 
LPAM-l [Holzmann, B and Weissman, I. EMBO J. ft. 1735, (1989)] and 
like a481 , binds to VCAM-1 and fibronectin. In addition,, o487 binds to an 
adhesion molecule believed to be involved in the homino of leukocytes to 
35 mucosal tissue termed MAdCAM-1 [Berlin, C. ef a/. Cell, Z4, 185, (1993)]. 
The interaction between a4p7 and MAdCAM-1 may also be important at 
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sites of inflammation outside of mucosal tissue [Yang, X-D. et at . PNAS, 
91. 12604 (1994)]. 

Regions of the peptide sequence recognised by a4B1 and o4B7 when they 
5 bind to their ligands have been identified. a401 seems to recognise LDV, 
!0A or REDV peptide sequences in fibronectin and a QtDSP sequence in 
VCAM-1 [Humphries, M. J. et al. ibid \ whilst o467 recognises a LDT 
sequence in MAdCAM-1 [Briskin, M. J. et at . J. Immunol. 133.. 719, 
(1996)]. There have been several reports of inhibitors of these interactions 

10 being designed from modifications of these short peptide sequences 
[Cardarelli, P. M. et af J. Biol. Chem. 2SSt, 18668, (1994); Shroff, H. N. 
Bioorganic. Med. Chem. Lett. 6, 2495, (1996); Vanderslice, P. J. Immunol. 
158. 1710, (1997)]. It has also been reported that a short peptide 
sequence derived from the a46l binding site in fibronectin can inhibit a 

15 contact hypersensitivity reaction in a trinitrochlorobenzene sensitised 
mouse [Ferguson, T. A. et al . PNAS 88, 8072, (1991)]. 

Since the alpha 4 subgroup of integrins are predominantly expressed on 
leukocytes their inhibition can be expected to be beneficial in a number of 
20 immune or inflammatory disease states. However, because of the 
ubiquitous distribution and wide range of functions performed by other 
members of the tntegrin family it is very important to be able to identify 
selective inhibitors of the alpha 4 subgroup. 

25 We have now found a group of compounds which are potent and selective 
inhibitors of a4 integrins. Members of the group are able to inhibit ot4 
integrins such as a4Bl and/or a4B7 at concentrations at which they 
generally have no or minimal inhibitory action on a integrins of other 
subgroups. The compounds are thus of use in medicine, for example in 

30 the prophylaxis and treatment of immune or inflammatory disorders as 
described hereinafter. 

Thus according to one aspect of the invention we provide a compound of 
formula (1) 

35 
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wherein 

R is a carboxyiic acid or a derivative thereof; 
5 R 1 is a hydrogen atom or a hydroxy!, straight or branched alkoxy or 

optionally substituted cycloaliphatic, polycycloaiiphatic, heterocyclo- 

aliphatic, polyheterocycioaiiphatic, aromatic or heteroaromatic group; 

Alk 1 is an optionally substituted aliphatic or heteroaliphatic chain; 

L 1 is a linker atom or group; 
10 r and s, which may be the same or different, is each zero or an integer 1 

provided that when r is zero R 1 is an optionally substituted cycloaliphatic, 

polycycloaiiphatic, heterocycJoaliphatic, polyheterocycioaiiphatic, aromatic 

or heteroaromatic group; 

R a and R b , which may be the same or different is each an atom or group 

15 -L 2 (CH2)pU 3 (R c )q in which L 2 and L 3 is each a covalent bond or a linker 
atom or group, p is zero or the integer 1 , q is an integer 1 , 2 or 3 and R c is 
a hydrogen or halogen atom or a group selected from straight or branched 
alky I, -OR d [where R d is a hydrogen atom or an optionally substituted 
straight or branched aikyi group], -SRd, -NR d R e , [where Re is as just 

20 defined for R d and may be the same or different], -N02.-CN, -C02R d , 
-SO3H, -S0 2 R d . -OCC^R* -CONRdR*. -OCONR<*R«, -CSNR d R # , -COR«*. 
-N(R d )CORe, N(R d )CSRe, -S02N(R d )(Re), -N<R d )S0 2 R*, -N(R d )CONR e R f 
[where R f is a hydrogen atom or an optionally substituted straight or 
branched alkyl group], -N(R d )CSNR«R f or -N(R d )S02NR 8 R f ; 

25 Alk 2 is a straight or branched alkylene chain; 
m Is zero or an integer 1 ; 
R 2 is a hydrogen atom or a methyl group; 
R 3 is a hydrogen atom or a straight or branched alkyl group; 
Het is an optionally substituted heteroaromatic group; 

30 and the salts, solvates, hydrates and N-oxides thereof. 
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It will be appreciated that compounds of formula (1) may have one or more 
chiral centres. Where one or more chiral centres is present, enantiomers 
or diastereomers may exist, and the invention is to be understood to 
extend to all such enantiomers, diasteromers and mixtures thereof, 
5 including racemates. Formula (1) and the formulae hereinafter are 
intended to represent ail individual isomers and mixtures thereof, unless 
stated or shown otherwise. 

In the compounds of formula (1 ), derivatives of the carboxylic acid group R 
10 include carboxylic acid esters and amides. Particular estes and amides 
include -COsAlk 4 and -CON(R 4 )2 groups as described herein. 

When in the compounds of the invention L 1 is present as a linker atom or 
group it may be any divalent linking atom or group. Particular examples 

1 5 include -O- or -S- atoms or -C(O)-, -C(0)0-, -C(S)-, -S(O)-, -S(0) 2 - ( -N(R 4 )- 
[where R 4 is a hydrogen atom or a straight or branched alkyl group], 
-CON(Fr*)-, -OC(0)N(R 4 )-, -CSN(R 4 )-, -N(R 4 )CO-. -N(R 4 )C(0)0-, 
-N(Fr*)CS-. -S(0)N(R 4 )-, -S(0) 2 N(R 4 )-. -N(R 4 )S<0)-, -N(R 4 )S<0)2-. 
-N(R 4 )CON(Fr*)-, -N(Fr*)CSN(R*)-. -N(R 4 )SON(R 4 )- or -N<R 4 )S02N(R 4 )- 

20 groups. Where the linker group contains two R 4 substituents, these may 
be the same or different. 

Alk2 in the compounds of the invention may be for example a straight or 
branched Ci-3aJkylene chain. Particular examples include -CHg-, 
25 -CH(CH 9 )-. -C(CH 3 ) 2 - and -(CH 2 ) 2 -. 

When R 3 and/or R 4 in the compounds of formula (1) is a straight or 
branched alkyl group it may be a straight or branched Ci-salkyI group, e.g. 
a Ci-3aikyl group such as a methyl or ethyl group. 

30 

When Alk 1 in compounds of formula (1) is an optionally substituted 
aliphatic chain it may be an optionally substituted C1-10 aliphatic chain. 
Particular examples include optionally substituted straight or branched 
chain C1-6 alkyl, C2-6 alkenyl, or C2-6 alkynyl chains. 

35 
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Heteroaliphatic chains represented by Aik 1 include the aliphatic chains just 
described but with each chain additionally containing one, two, three or 
four heteroatoms or heteroatom-containing groups. Particular 
heteroatoms or groups include atoms or groups L 4 where L 4 is as defined 
5 above for L 1 when L 1 is a linker atom or group. Each L 4 atom or group 
may interrupt the aliphatic chain, or may be positioned at its terminal 
carbon atom to connect the chain to the atom or group R 1 . 

Particular examples of aliphatic chains represented by Alk 1 include 

10 optionally substituted -CH 2 -, -CH2CH2-, -CH(CH 3 )-, -C(CH 3 ) 2 -, 
-(CH 2 ) 2 CH 2 -, -CH(CH 3 )CH2-, -(CH 2 ) 3 CH 2 -, -CH(CH 3 )CH 2 CH 2 -, 
-CH 2 CH(CH 3 )CH 2 - f -C(CH 3 ) 2 CH 2 -, -(CH 2 ) 4 CH 2 -, -(CH 2 ) 5 CH 2 -, -CHCH-, 
-CHCHCH 2 -. -CH 2 CHCH-, -CHCHCH 2 CH2-, -CH 2 CHCHCH 2 - 
-(CH 2 )2CHCH-, -CO, -CCCH2-. -CH2CC-, -CCCH 2 CH 2 - t -CH 2 CCCH 2 -, or 

15 -(CH 2 ) 2 CC- chains. Where appropriate each of said chains may be 
optionally interrupted by one or two atoms and/or groups L 4 to form an 
optionally substituted heteroaliphatic chain. Particular examples include 
optionally substituted -L 4 CH 2 -, -CH 2 L 4 CH 2 -, -L 4 (CH 2 ) 2 -, -CH 2 L 4 (CH2) 2 -, 
- (CH 2 ) 2 L 4 CH 2 -, -L 4 (CH 2 ) 3 - and -{CH 2 ) 2 L 4 <CH 2 ) 2 - chains. The optional 

20 substituents which may be present on aliphatic or heteroaliphatic chains 
represented by Alk 1 include one, two, three or more substituents selected 
from halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms, or 
hydroxyl, Ci-ealkoxy, e.tg. methoxy or ethoxy, thiol, Ci-salkyithio e.g. 
methylthio or ethylthio, amino or substituted amino groupss. Substituted 

25 amino groups include -NHR 4 and -N(R" 4 ) 2 groups where R 4 is a straight or 
branched alkyl group as defined above. Where two R 4 groups are present 
these may be the same or different. Particular examples of substituted 
chains represented by Alk 1 include those specific chains just described 
substituted by one, two, or three halogen atoms such as fluorine atoms, for 

30 example chains of the type -CH(CF 3 )-, -C(CF 3 ) 2 - -CH 2 CH(CF 3 )-, 
-CH 2 C(CF 3 ) 2 -, -CH(CF 3 )- and -C(CF 3 ) 2 CH 2 . 

Alkoxy groups represented by R 1 in compounds of the invention include 
straight of branched C1 .©alkoxy groups such as methoxy and ethoxy 
35 groups. 
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When R 1 is present in compounds of formula (1) as an optionally 
substituted cycloaliphatic group it may be an optionally substituted C3-10 
cycloaliphatic group. Particular examples include optionally substituted 
C3-iocycioalkyl, e.g. C3-7cycloalkyf, Ca-iocycloalkenyl e.g. C3- 
5 ycycloalkenyi or C3-iocyctoalkynyl e.g. C3-7cycloalkynyl groups. 

Optionally substituted heterocycloaliphatic groups represented by R 1 
include the optionally substituted cycloaliphatic groups just described for 
R 1 but with each group additionally containing one, two, three or four 
10 heteroatoms or heteroatom-containing groups L 2 as just defined. 

Optionally substituted polycycloaliphatic groups represented by R 1 include 
optionally substitued C7-10 bi- or tricycloalkyl or C7-iobi- or tricycloalkenyl 
groups. Optionally substituted polyheterocycloaliphatic groups 
15 represented by R 1 include the optionally substituted polycyctoalkyl groups 
just described, but with each group additionally containing one, two, three 
or four L 2 atoms or groups. 

Particular examples of R 1 cycloaliphatic, polycycloaliphatic, heterocyclo- 
20 aliphatic and polyheterocycloaliphatic groups include optionally substituted 
cyciopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 2- 
cyclobuten-1-yl, 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, adamantyl, 
norbornyl, norbomenyl, pyrroline, e.g. 2- or 3-pyrroHnyl, pyrrolidinyl, 
pyrrolidinone, oxazolidinyl, oxazoiidinone, dioxdanyl, e.g. 1 ,3-dioxolanyl, 
25 imidazolinyl, e.g. 2-imidazolinyl, imidazoitdinyl, pyrazoiinyl, e.g. 2- 
pyrazolinyl, pyrazolidinyl, thiazolinyl, thiazolidinyl, pyranyl, e.g. 2- or 4- 
pyranyl, piperidinyl, piperidinone, 1 ,4-dioxanyl, morpholinyl, morpholinone. 
1 ,4-dithianyl, thiomorpholinyl, piperazinyl, 1 ,3,5-trithianyl, oxazinyl, e.g. 2H- 
1,3-, 6H-1.3-, 6H-1.2-, 2H-1.2- or 4H-1.4- oxazinyl. isoxazinyl, 
30 oxathiazinyl, e.g. 1 ,2,5 or 1 ,2,6-oxathiazinyi, or 1 ,3,5-oxadiazinyl groups. 

The optional subst'rtuents which may be present on the R 1 cycloaliphatic, 
polycycloaliphatic, heterocycloaliphatic or polyheterocycloaliphatic groups 
include one, two, three or more substituents represented by R s in which 
35 R 5 is selected from halogen atoms, e.g. fluorine, chlorine, bromine or 
iodine atoms, or Ci-6alkyl, e.g. methyl or ethyl, haloCi-6alkyl, e.g. 
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halomethyl or haloethyl such as difluoromethyf or trrftuommethyl, hydroxyl, 
Ci-ealkoxy, e.g. methoxy or ethoxy, haloCi.6alkoxy, e.g. halomethoxy or 
haJoethoxy such as difluoromethoxy or trifluoromethoxy, thiol, Ci-galkylthio 
e.g. methylthio or ethylthio, -N(R 4 )2, -CN, -C0 2 R 4 , -N0 2 , -CON(R 4 ) 2 , 

5 -CSN(R 4 ) 2 , -COR 4 , -CSN(R 4 ) 2 , -N(R 4 )COR 4 , -N(R 4 )CSR 4 , -SO a N(R 4 ) 2 , 
-N(R 4 )S0 2 R 4 , -N(R 4 )CON(R 4 ) 2 , -N(R 4 )CSN(R 4 ) and -N(R 4 )S0 2 N(R 4 ) 2 
groups. In these substituents the group R 4 when present is a hydrogen 
atom or a straight or branched alkyl group as defined above. Where more 
than one R 4 group is present in a substituent each group may be the same 

1 0 or different. The substituent may be present on any available carbon atom 
or where appropriate any nitrogen atom, in the R 1 group 

In the compounds of formula (1), optionally substituted aromatic groups 
represented by the group R 1 include for example monocyclic or bicyclic 

15 fused ring Ce-1 2 aromatic groups, such as phenyl, 1- or 2-naphthyt, 1- or 2- 
tetrahydronaphthyl, indanyl or indenyl groups, optionally substituted by 
one, two, three or more -L 2 {CH 2 )pL 3 (R c )q atoms or groups, where L 2 , L 3 , p 
and q are as previously defined and R c is as previously defined but is 
other than a hydrogen atom when L 2 and L 3 is each a coyaJent bond and p 

20 is zero. 

Optionally substituted heteroaromatic groups, represented by the group R 1 
or Het in compounds of formula (1) include for example optionally 
substituted C1-9 heteroaromatic groups containing for example one, two, 

25 three or four heteroatoms selected from oxygen, sulphur or nitrogen 
atoms. In general, the heteroaromatic groups may be for example 
monocyclic or bicyclic fused ring heteroaromatic groups. Monocyclic 
heteroaromatic groups include for example five- or six-membered 
heteroaromatic groups containing one, two, three or four heteroatoms 

30 selected from oxygen, sulphur or nitrogen atoms. BicycSc heteroaromatic 
groups include for example nine- to thirteen-memtoered fused-ring 
heteroaromatic groups containing one, two or more hetelroatoms selected 
from oxygen, sulphur or nitrogen atoms. 

35 Particular examples of heteroaromatic groups of these types include 
optionally substituted pyrrolyl, furyl, thienyl, imidazolyl, N-Ci-eaimidazolyl, 
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oxazolyi, isoxazolyl, thiazolyl, isothiazoiyl, pyrazolyl, 1 ,2,3-triazolyi, 1,2,4- 
triazolyl, 1 ,2,3-oxadiazolyl, 1 ,2,4-oxadiazolyl, 1 ,2,5-oxadiazolyl, 1,3,4- 
oxadiazolyi, 1 ,3,4-thiadiazole, pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, 
1 ,3,5-triazinyl, 1 ,2,4-triazinyl, 1 ,2,3-triazinyl, benzofuryl, [2,3-dihydro]- 

5 benzofuryl, benzothienyl, benzotriazolyl, indolyl, isoindolyl, benzimidazolyl, 
imidazo[1 ,2-a]pyndyl, benzothiazolyl, benzoxazolyl, benzopyranyl, [3,4- 
dihydro]benzopyranyl, quinazolinyt, naphthyridinyl. pyrido(3,4-b]pyridyl, 
pyrido[3 f 2-b]pyridyl, pyrido[4,3-b]pyridyl, quinotinyl, isoquinolinyl, tetrazolyl, 
5,6,7,8-tetrahydroquinolinyl, 5,6,7,8-tetrahydroisoquinoHnyl, and imidyl, 

10 e.g. succinirnidyl, phthalimidyl, or naphthalimidyl such as 1,8- 
naphthalimidyi. 

Optional substituents which may be present on R 1 heteroaromatic groups 
include one, two, three or more -L 2 (CH 2 )pL 3 (R c ) q atoms on groups as just 
15 defined. 

Examples of the substituents represented by R a and R b in compounds of 
formula (1) and which may be present on aromatic or heteroaromatic 
groups represented by R 1 include atoms or groups -L2(CH 2 ) P LR C , 
20 -L2(CH 2 ) P R C , -L.2RC -(CH 2 ) P R C and -RC wherein L.2 <CH 2 ) P . L and Rc are 
as defined above. Particular examples of such substituents include 
-L2CH 2 L2RC -L.2CH<CH 3 )L3RC, -L 2 (CH 2 ) 2 L3Rc -2CH 2 R C . -L 2 CH(CH 3 )R C , 
-L2(CH 2 ) 2 R C . CH 2 Rc -CH(CH 3 )R C and -(CH 2 >2R C grouns. 

25 Thus each of R a and R b and, where present, substituents on R 1 aromatic 
or heteroaromatic groups in compounds of the invention may be for 
example selected from a hydrogen atom, a halogen atom, e.g. a fluorine, 
chlorine, bromine or iodine atom, or a Ci-ealkyi, e.g. methyl, ethyl, n- 
p ropy I, i-propyl, n-butyl or t-butyl, .Ci ^alkylamino, e.g. methylamino or 

30 ethyiamino, Ci-ehydroxyalkyl, e.g. hydroxymethyl, hydroxyethyl or 
-CfOHMCFste, carboxyCi-eaikyl, e.g. carboxyethyl, Ci . 6 alkyithio e.g. 
methytthio or ethylthio, carboxyC-i-6alkylthio. e.g. carboxymethylthio, 2- 
carboxyethylthio or 3-carboxypropyithio, d-ealkoxy. e.g. methoxy or 
ethoxy, hydroxyCi-6alkoxy, e.g. 2-hydroxyethoxy, haloCi-6alkyl, e.g. -CFa, 

35 -CHF 2 , CH 2 F, haIoCi- 6 alkoxy, e.g. -OCF 3 ,-OCHF 2 ,-OCH 2 F, d-ealkyl- 
amino, e.g. methylamino or ethyiamino, amino (-NH 2 ), aminoCi-ealkyl, e.g. 
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aminomethyl or aminoethyl, Ci.6diaikylamino, e.g. dimethyiamino or 
diethylamino, Ci-6alkylaminoCi-6aIkyl. e.g. ethylaminoethyl, C-t-edialkyl- 
aminoCi-ealkyl, e.g. diethylaminoethyl, aminoCi-6alkoxy. e.g. amino- 
ethoxy, C-|.6alkylaminoCi-6alkoxy, e.g. methylaminoethoxy, C^sdialkyl- 
5 aminoCi-ealkoxy, e.g. dimethylaminoethoxy, diethylaminoethoxy, 
isopropylaminoethoxy, or dimethylaminopropoxy, nitre, cyano, amidino, 
rtydroxyl (-OH), formyl [HC<OH, carboxyl (-C0 2 H), -C0 2 R 1 2, C-|. 6 
alkanoyl e.g. acetyl, thiol (-SH), thioCi-6alkyl, e.g. thiomethyl or 
thioethyl, sulphonyl {-SO3H), C-i-ealkylsulphonyl, e.g. methylsulphonyl, 
10 aminosulphonyl (-SO2NH2), C-t-ealkyiaminosulphonyl, e.g. methylamino- 
sulphonyl or ethylarrtinosulphonyl, Ci-edialkylaminosulphonyl, e.g. 
dimethylaminosulphonyl or diethylaminosulphonyl, phenyiaminosulphonyl, 
carboxamido (-CONH2), Ci-6aikylaminocarbonyl, e.g. methylamino- 
carbonyl or ethylaminocarbonyl, C-i-edialkylaminocarbonyl, e.g. 
15 dimethylaminocarbonyl or diethylaminocarbonyl, aminoCi-ealkylarnino- 
carbonyl, e.g. aminoethylaminocarbonyl, Cn^dialkylaminoCi-ealkylamino- 
carbonyi, e.g. diethylaminoethylaminocarbonyl, aminocarbonylamino, C1- 
6alkylaminocarbonylamtno, e.g. methylaminocarbonylamino or ethylamino- 
carbonylamino, Ci-6dialkylaminocarbony (amino, e.g. dimethylamino- 
20 carbonylamino or diethylaminocarbonyiamino, Ci-ealkytaminocabonylCi- 
6 alkylamino, e.g. methylaminocarbonylmethyiamino, aminothiocarbonyl- 
amino, Ci-salkylaminothiocarbonylamino, e.g. methyiaiminothiocarbonyl- 
arnino or ethylaminothiocarbonylamino, Ci^diaikylaminothiocarbonyl- 
amino, e.g. dimethylaminothiocarbonylamino or diethyiaminothiocarbonyl- 
25 amino, Ci-galkylaminothiocarbonylCi-ealkylamino, e.g. ethylarninothio- 
carbonylmethylamino, d-ealkylsulphonylamino. e.g. methylsulphonyl- 
amino or ethylsulphonylamino, Ci-6dialkylsulphonyiamino, e.g. 
dimethylsuiphonyl-amino or diethylsulphonylamino, amfriosulphonylamino 
(-NHSO2NH2), Ci-ealkyiaminosulphonylamino, e.g. methylamino- 
30 sulphonylamino or ethylaminosuiphonylamino, Ci^dialkvlaminosulphonyl- 
amino, e.g. dimethylaminosulphonylamino or diethylaminosuiphonylamino, 
C1 -ealkanoylamino, e.g. acetylamino, aminoCi-6alkanoylamino e.g. 
aminoacetylamino, Ci^diaikylaminoCi-ealkanoylamino, e.g. dimethyl- 
aminoacetylamino, Ci-ealkanoylaminoC-i-galkyl, e.g. acetylaminomethyl, 
35 Ci-ealkanoylaminoC-i-ealkylamino, e.g. acetamidoethylamino, Ci. 
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eaikoxycarbonyiamino, e.g. methoxycarbonylamino, ethoxycarbonylamino 
or t-butoxycarbonylamino group. 

Optional substituents present on the heteroaromatic groups represented 
5 by Het include one, two, three or more substituents, each selected from an 
atom or group R 6 in which R6 is -R 6a or -A!k3(R6a)n,, where R 6a is a 
halogen atom, or an amino (-NH 2 ), substituted ammo, nitro, cyano, 
amidino, hydroxyl (-OHy suDstrtuxed hydroxy!, formyl, oarboxyl (-C0 2 H), 
esterified carboxyl, thiol (-SH), substituted thiol, -COR^ [where R 7 is an 

10 -Alk3(R6a) m ary | or heteroaryl group], -CSR 7 , -SO3H, -S0 2 R 7 -S0 2 NH 2 , 
-SO2NHR 7 S0 2 N(R 7 ) 2 , -CONH2, -CSNH 2 , -CQMHR 7 , -CSNHR 7 , 
-CON[R 7 ] 2 , -CSN(R 7 ) 2 , -N(R 4 )S0 2 R 7 , -N{S0 2 R 7 ) 2 , -NH(R 4 )S0 2 NH 2 , 
-N(R 4 )S0 2 NHR 7 , -N(R*)S02N(R7) 2 , -N(R 4 )COR 7 -N(R 4 )CON(R 7 ) 2) 
-N(R^)CSN(R7) 2 , -N(R 4 )CSR 7 - -N(R 4 )C(0)OR 7 -SOaNHeti [where -NHeti 

15 is an optionally substituted Cs.7cyciicamino group optionally containing 
one or more other -O- or -S- atoms or -N(R 4 )-, -C(0)- or -C(S)- groups], 
-CONHef, -CSNHet^ , -N(R 4 )S0 2 NHet 1 , ^N<R 4 )CONHeti, 
-N(R 4 )CSNHef« , -S0 2 N(R 4 )Het2 [where Het2 is an optionally substituted 
monocyclic Cs-7carbocyclic group optionally containing one or more -O- or 

20 -S- atoms or -N(R 4 )-, -C(O)- or -C(S)- groups], -CON(R 4 )Het2, 
-CSN(R 4 )Het2, -N(R 4 )CON(R 4 )Het2,-N(R 4 )CSN(R 4 )Het* aryi or heteroaryl 
group; Alk 3 is a straight or branched C-t-ealkylene, C 2 ^alkeny1ene or C 2 . 
ealkynylene chain, optionally interrupted by one, two or three -O- or -S- 
atoms or -S(0) n [where n is an integer 1 or 2] or -N(R 8 )- groups [where R8 

25 is a hydrogen atom or Ci-6alkyl, e.g. methyl or ethyl group]: and m is zero 
or an integer 1 , 2 or 3. It will be appreciated that when two R 4 or R 7 groups 
are present in one of the above substituents, the R 4 or R 7 groups may be 
the same or different. 

30 When in the group -Alk a (R 6a ) m m is an integer 1, 2 or 3, it is to be 
understood that the substituent or substituents R 6 * may oe present on any 
suitable carbon atom in -Alk3. Where more than one R 6 * substituent is 
present these may be the same or different and may be present on the 
same or different atom in -Alk3. Clearly, when m is zero and no 

35 substituent R 6a is present the alkylene, alkenylene or alkynylene chain 
represented by Alk 3 becomes an alkyi, alkenyi or alkynyl group. 
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When R6a j s a substituted amino group it may be for example a group 
-NHR 7 [where R 7 is as defined above] or a group -N(R 7 )£ wherein each R 7 
group is the same or different. 

5 

When R 6a is a halogen atom it may be for example a fluorine, chlorine, 
bromine, or iodine atom. 

When R 6a is a substituted hydroxy! or substituted thiol group it may be for 
1 0 example a group -OR 7 or a -Sfl 7 or -SC(=NH)NH 2 group respectively. 

Esterified carboxyl groups represented by the group R 6a include groups of 
formula -CO2AIIC* wherein Alk 4 is a straight or branched, optionally 
substituted Ci-salkyl group such as. a methyl, ethyl, n-propyl, i-propyl, n- 

15 butyl, i-buty», s-butyt or t-butyl group; a Ce.i2arylCi.aa!kyl group such as an 
optionally substituted benzyl, phenytethyl, phenylpropyf, 1 -naphthylmethyl 
or 2-naphthylmethyl group; a C6-i2aryl group such as an optionally 
substituted phenyl, 1-naphthyl or 2-naphthyl group; a C6-i2aryloxyCi-ealkyl 
group such as an optionally substituted phenyloxymethyl, phenyloxyethyl, 

20 1 -naphthyl-oxymethyl, or 2-naphthyloxymethyl group; an optionally 
substituted C-i-ealkanoyloxyC-t-aalkyl group, such as a pivaloyloxymethyl, 
propionyloxy ethyl or propionyloxypropyl group; or a Ce-t2aroyloxyCi -aalkyl 
group such as an optionally substituted benzoyloxyethyl or benzoyloxy- 
propyl group. Optional substituents present on the Alk 4 group include R 6a 

25 substituents described above. 

When Alk3 is present in or as a substituent it may be for example a 
methylene, ethylene, n-propylene, i-propylene, n-butylene, i-butylene, s- 
butylene, t-butylene, ethenylene, 2-propenylene, 2-butenylene, 3- 
30 butenylene, . ethynylene, 2-propynylene, 2-butynylene or 3-butynylene 
chain, optionally interrupted by one, two, or three -O- or -S-, atoms or 
-S(O)-, -S(0)2- or -N(RS)- groups. 

Aryl or heteroaryl groups represented by the groups R €a or R 7 include 
35 mono- or bicyclic optionally substituted Ce-12 aromatic or C1.9 
heteroaromatic groups as described above for the groups R 1 and Het. 



The aromatic and heteroaromatic groups may be attached to the 
remainder of the compound of formula (1) by any carbon or hetero e.g. 
nitrogen atom as appropriate. 

When -NHet 1 or -Het 2 forms part of a substituent R6 each may be for 
example an optionally substituted pyrrolidinyi. pyrazoiidinyl, piperazinyl, 
morpholinyt, thiomorpholinyl, piperidinyl or thiazolidinyl group. Additionally 
Het 2 may represent for example, an optionally substituted cyclopentyl or 
cyclohexyi group. Optional substituents which may be present on -NHet 1 
or -Het 2 include those R 5 substituents described above. 

Particularly useful atoms or groups represented by R 6 include fluorine, 
chlorine, bromine or iodine atoms, or Ci-6alkyl, e.g. methyl, ethyl, n-propyl, 
i-propyl, n-butyl or t-butyl, optionally substituted phenyl, pyridyl, pyrrolyl, 
furyl, thiazolyl, or thienyl, Ci^alkyjamino, e.g. methylamino or ethylamino, 
Ci-ehydroxyalkyi, e.g. hydroxymethyl or hydroxyethyl, carboxyCi-ealkyl, 
e.g. carboxyethyl, Ci -6alkylthio e.g. methylthio or ethylthio, carboxyCi- 
6alkylthio, e.g. carboxymethylthio, 2-carboxyethylthio or 3-carboxy- 
propyrthio, d-salkoxy, e.g. methoxy or ethoxy, hydroxyC-| -galkoxy, e.g. 2- 
hydroxyethoxy, optionally substituted phenoxy, pyridyloxy, thia2o!yloxy, 
phenylthio or pyridylthio, C5-7cycloalkoxy, e.g. cyclopentyloxy, haloC-i- 
6 a Iky I, e.g. triftuoro methyl, haloCi-galkoxy, e.g. trifluoromethoxy, d- 
6alkylamino, e.g. methylamino or ethylamino, amino (-NH2), aminoCi- 
ealkyl, e.g. aminomethyl or aminoethyl, Ci.edialkylamino, e.g. 
dimethylamino or dlethylamino, Ci-ealkylaminoC-i-ealkyl, e.g. ethylamino- 
ethyl, Ci^dialkylaminoCi -ealkyl, e.g. diethylaminoethyl, aminoCi -©alkoxy , 
e.g. aminoethoxy, Ci-ealkylarninoCi-ealkoxy, e.g. methylaminoethoxy, Ci- 
6dialkylaminoCi-6alkoxy, e.g. dimethylaminoethoxy, diethylaminoethoxy, 
isopropylaminoethoxy, or dimethylaminopropoxy, imido, such as 
phthaJimido or naphthalimido, e.g. 1,8-naphthalimido, nitro, cyano, amidino, 
hydroxyl (-OH), formyl [HC(O)-], carboxyl (-C0 2 H), -C0 2 Allc* [where Alk* 
is as defined above], C1-6 alkanoyl e.g. acetyl, optionally substituted 
benzoyl, thiol (-SH), thioCi-6«Ukyl, e.g. thiomethyl or thioethyl, 
-SC(=NH)NH2, sulphonyl (-SO3H), Ci-6alkylsulphonyl, e.g. methyl- 
sulphonyl, optionally substituted phenylsulphonyl, aminosulphonyl (- 
SO2NH2), Ci-ealkylaminosulphonyl, e.g. methylaminosulphonyl or 
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ethytaminosulphonyl, Ci -edialky laminosulphony ! , e.g. 
dimethytaminosulphonyl or diethytaminosulphonyl, phenylamino-sulphonyl, 
carboxamido (-CONH 2 ), C^ealkylaminocarbonyl, e.g. methyl- 
am inocarbony I or ethylaminocarbonyl, Cvedialkylaminocarbortyl, e.g. 

5 dimethylaminocarbonyl or diethylaminocarbonyl, aminoCi-6atkylarnino- 
carbonyl, e.g. aminoethylaminocarbonyi, Ci-sdialkylaminoCi^alkylamino- 
carbonyt, e.g. diethylaminoethylaminocarbonyl, amtnocarbonylamino, Ci- 
6 aikylaminocarbonylamino, e.g. methylaminocarbonyfamino or ethylamino- 
carbonylamino, Ci-gdialkylamtnocarbonylamino, e.g. dimethylamino- 

30 carbonylamino or diethylaminocarbonylamino, Ci-ealkylaminocabonylCi- 
6alkyIamino, e.g. methylaminocarbonyimethylamino, aminothtocarbonyl- 
amino, Ci-ealkylaminothiocarbonylamino, e.g. methylaminothiocarbonyl- 
amtno or ethylaminothiocarbonylamino, Ci-edialkylaminothiocarbonyl- 
amino, e.g. dimethylaminothiocarbonylamino or diethylamlnothiocarbonyl- 

15 amino, Ci-6alkylaminothlocarbonylCi^alkylamcno, e,g. ethylaminothio- 
carbonylmethylamino, -CONHC(=NH)NH2, Ci-6a)kylsulphonylamino, e.g. 
methylsulphonyfamino or ethylsulphonylamino, Ci-edialkylsulphonylamino, 
e.g. dimethylsulphonylamino or diethylsulphonylamino, optionally 
substituted phenylsulphonylamino, arninosulphonylamino (-NHSO2NH2), 

20 Ci-ealkylaminosulphonylamino, e.g. methylaminosulphonyl-amino or ethyl- 
aminosulphonylamino, Ci-6diatkylam»nosulphony!amino, e.g. dimethyl- 
aminosulphonylamino or diethylaminosulphonyiamino, optionally 
substituted morpholinesulphonylamino or morpholinesulphonylCi- S alkyi- 
amino, optionally substituted phenylaminosulphonylamino, Ci-6aikanoyl- 

25 amino, e.g. acetyiamino, aminoCi-ealkanoytamino e.g. aminoacetytamino, 
Ci-edialkylaminoCi-ealkanoyl-amino, e.g. dimethylaminoacetylamino, Ci- 
6alkanoylaminoCi.6alkyl, e.g. acetylaminomethyl, Gi-6alkanoy1aminoCi- 
6alkylamino, e.g. acetamidoethylamino, Ci-6alkoxycarbonylam»no, e.g. 
methoxycarbonylamino, ethoxycarbonylamino or t-butoxycarbonylamino or 

30 optionally substituted benzyloxy, pyridylmethoxy, thiazoiylmethoxy, 
benzyloxycarbonylamino, benzyloxycarbonylaminoCi-6aikyl e.g. benzyioxy- 
carbonylaminoethyl, benzylthio, pyridylmethyithio or thaizolylmethyithio 
groups. 

35 In the above groups of particularly useful R 6 substituents, the reference to 
optional substitution is intended to relate primarily to the aromatic or 
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heteroaromatic portions of the groups described. Thus for example such 
groups may be optionally mono-, di- or tri-substituted by those particular 
atoms or groups described above for each of R a and R b . 

5 Where desired, two R 6 substituents may be linked together to form a cyclic 
group such as a cyclic ether, e.g. a Ci -6atkylenedioxy group such as 
methylenedioxy or ethylenedioxy. 

It will be appreciated that where two or more R 9 substituents are present, 
10 these need not necessarily be the same atoms and/or groups. In general, 
the substituent(s) may be present at any available ring position in the 
heteroaromatic group represented by Het. 

The presence of certain substituents in the compounds of formula (1) may 
15 enable salts of the compounds to be formed. Suitable salts include 
pharmaceutical^ acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

20 Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
isothionates, aryi&ulphonates, e.g. p-toluenesulphonates, besylates or 
napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
trifluoroacetates, propionates, citrates, maleates, fumarates, malonates, 

25 succinates, lactates, oxalates, tartrates and benzoates. 

Salts derived from inorganic or organic bases include alkali metal salts 
such as sodium or potassium salts, alkaline earth metal salts such as 
magnesium or calcium salts, and organic amine salts such as morpholine, 
30 pioeridine, dimethylamine or diethylamine salts. 

Particularly useful salts of compounds according to the invention include 
pharmaceuticaHy acceptable salts, especially acid addition pharma- 
ceutically acceptable salts. 

35 

R in compounds of the invention is preferably a -CO2H group. 
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When present, the aliphatic chain represented by Alk 1 in compounds of 
the invention is preferably a -CH2- chain. 

5 Alk 2 in compounds of formula (1) is preferably a -CH2- chain and m is 
preferably an integer 1. In compounds of this type, the carbon atom to 
which Alk 2 and R are attached forms a chiral centre and is preferably in 
the L configuration. 

10 R 2 in compounds of formula (1) is preferably a hydrogen atom. 

R3 in compounds of the invention is preferably a hydrogen atom. 

In general in compounds of the invention -(Alk 1 ) r (U) s is preferably -CH2O- 
1 5 ,-S0 2 NH-, -C(0)0 or -CON(R^). and is especially -CONH-. 

In general in compounds of the invention the group R 1 is preferably an 
optionally substituted aromatic or heteroaromatic group. Particularly useful 
groups of these types include optionally substitued phenyl, pyndyl or 
20 pyrimidinyl groups, particularly those in which the substituent when present 
is an atom or group -L 2 (CH2)pL 3 (R c )q as described above. Each 
substituent may be present on any available ring carbon or nitrogen atom. 

The heteroaromatic group represented by Het in compounds of formula (1) 
25 is preferably on optionally substituted C 3 . 5 monocyclic heteroaromatic 
group containing one, two or three heteroatoms selected from oxygen, 
sulphur or nitrogen atoms. Particularly useful groups of this type include 
optionally substituted pyrrolyt and pyridyl groups. Especially useful 
heteroaromatic groups represented by Het include optionally substituted 3- 
30 or 4-pyridyl groups, particularly 2-monosubstituted 3- or 4-pyridyl or 2,6- 
disubstituted 3- or 4-pyridyi groups. In these, and in general in the group 
Het, the optional substituent when present is preferably an atom or group 
R6 as defined above. 

35 A particularly useful class of compounds according to the invention has the 
formula (1 a) 
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wherein -W= is -CH= or -N=, R9 and R™, which may be the same or 
5 different is each a -L 2 (CH 2 ) p L 3 (R c ) q atom or group as generally and 
particularly defined above, and Atk 1 , r, U, s, R*. R*>, R and Het are as 
generally and particularly defined above, and the salts, solvates, hydrates 
and N-oxides thereof. 

10 It will be appreciated that the various preferences stated above in relation 
to groups present in compounds of formula (1) apply equally to the same 
groups when present in compounds of formula (1). 

Additionally, in the compounds of formula (1a) -(AIK 1 ) r <L 1 )s- «s preferably a 
15 -CH 2 0 or -CON(R4)- group and is especially a -CONH- group. Het is 
preferably an optionally substituted pyrrolyl or especially an optionally 
substitued pyridyl group. 

Particularly useful compounds of formula (1a) are those wherein Het is a 
20 2-monosubstituted 3- or 4-pyridyl group or a 2,6-disubstituted 3- or 4- 
pyridyl group. 

One of R 9 or R 10 in compounds of formula (1a) may be for example a 
hydrogen atom and the other a substituent L2(CH 2 ) p l_3(RC) q in which Rc is 

25 not a covalent bond and p is zero, but preferably each of R9 and R 10 is a 
substituent -L(2CH 2 ) p L.3(Rc) q where Rc is as just defined. Particularly 
useful R d or R i0 substituents. include a hydrogen atom or halogen atom, 
especially fluorine or chlorine atoms, or a methyl, ethyl, methoxy, ethoxy, 
-CF 3 , -OH, -CN, -N0 2 , -NH 2 , -NHCH 2 , -N(CH 3 ) 2| -COCH 3 , -SCH3, -C0 2 H 

30 or -CO2CH3 group. 



Particularly useful compounds according to the invention include the 
following: 
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a-ThioCS-a.S-dimethoxyphenyOnicotinoyi-fAf-a.S-dichlorobenzoyO-L^- 
aminopheny lalan ine; 

2-Thio(S-2,5-dimethoxypheny0nicotinoyf-(/V-2,6-clichtorobenzoyi)-l-4- 
aminophenylalanine; 
5 /V-(3,5-Dichloro^-picolyi)-A/-(3,5-dichloro-4-picolyl)-L-4-amino- 
phenylalanine; 

A/-(2-Ch£oronicotinoy0-W-(3,5-dichloro^-picolyl)-L-4-amino-pheriylalariine; 
0-{2, 6-dichlorobenzyl)- AA (4- acetyl- 1 ,2, 5-trimethyl-3-py rroyi)-i.-ty rosine; 
(W'^,5-Dichloroisonicotinoyl)-N-{([3-pyridinyimethyl]thio)isonicotinoyl}-L-4- 
10 aminophenylalanine; 

A/-(4-Acetyl-1 ,2,5-trimethyM /-^pyrrole-3-cartX3nyi)-/V-(3,5-dichioro-4.- 
picolyl)-L-4-aminophenylaianine; and the salts, solvates: hydrates and N- 
oxides thereof. 

15 Compounds according to the invention are potent and selective inhibitors 
of aA irrtegrins. The ability of the compounds to act in this way may be 
simply determined by employing tests such as those described in the 
Examples hereinafter. In particular compounds of the invention, such as 
the compounds of formula (1 a) herein, the compounds are advantageously 

20 selective a4$1 inhibitors. 

The compounds are of use in modulating cell adhesion and in particular 
are of use in the prophylaxis and treatment of diseases or disorders 
involving inflammation in which the extravasation of leukocytes plays a role 
25 and the invention extends to such a use and to the use of the compounds 
for the manufacture of a medicament for treating such diseases or 
disorders. 

Diseases or disorders of this type include inflammatory arthritis such as 
30 rheumatoid arthritis vasculitis or polydermatomyositis, multiple sclerosis, 
allograft rejection, diabetes, inflammatory dermatoses such as psoriasis or 
dermatitis, asthma and inflammatory bowel disease. 

For the prophylaxis or treatment of disease the compounds according to 
35 the invention may be administered as pharmaceutical compositions, and 
according to a further aspect of the invention we provide a pharmaceutical 
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composition which comprises a compound of formula (1) together with one 
or more pharmaceutically acceptable carriers, excipients or diluents. 

Pharmaceutical compositions according to the invention may take a form 
5 suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
or a form suitable for administration by inhalation or insufflation. 

For oral administration, the pharmaceutical compositions may take the 
form of, for example, tablets, lozenges or capsules prepared by 

1 0 conventional means with pharmaceutically acceptable excipients such as 
binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); filters (e.g. lactose, microcrystailine 
cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
stearate, talc or silica); disintegrants (e.g. potato starch or sodium 

15 glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets 
may be coated by methods well known in the art. Liquid preparations for 
oral administration may take the form of, for example, solutions, syrups or 
suspensions, or they may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid preparations 

20 may be prepared by conventional means with pharmaceutically acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles and preservatives. The preparations may also contain buffer 
salts, flavouring, colouring and sweetening agents as appropriate. 

25 Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

30 

The compounds for formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or infusion. Formulations 
for injection may be presented in unit dosage form, e.g. in glass ampoule 
or multi dose containers, e.g. glass vials. The compositions for injection 
35 may take such forms as suspensions, solutions or emulsions in oiiy or 
aqueous vehicles, and may contain formulatory agents such as 
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suspending, stabilising, preserving and/or dispersing agents. Alternatively, 
the active ingredient may be in powder form for constitution with a suitable 
vehicle, e.g. sterile pyrogen-free water, before use. 

5 In addition to the formulations described above, the compounds of formula 
(1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
injection. 

1 0 For nasal administration or administration by inhalation, foe compounds for 
use according to the present invention are conveniently delivered in the 
form of an aerosol spray presentation for pressurised packs or a nebuliser, 
with the use of suitable propellant, e.g. dichiorodifluoromethane, trichloro- 
fluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable 

15 gas or mixture of gases. 

The compositions may, if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
20 instructions for administration. 

The quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular condition will vary depending on the compound 
chosen, and the condition of the patient to be treated. In general, 

25 however, daily dosages may range from around 1 0Ong/kg to 1 0Omg/kg 
e.g. around 0.01 mg/kg to 40mg/kg body weight for oral or buccal 
administration, from around 10ng/kg to 50mg/kg body weight for parenteral 
administration and around 0.05mg to around lOOOmg e.g. around 0.5mg 
to around 1000mg for nasal administration or administration by inhalation 

30 or insufflation. 

The compounds of the invention may be prepared by a number of 
processes as generally described below and more specifically in the 
Examples hereinafter. In the following process description, the symbols 
35 R, F^-R 3 , R«, R b , L 1 , Alk 1 , Alk 2 , m, r, s and Het when used in the formulae 
depicted are to be understood to represent those groups described above 
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in relation to formula (1) unless otherwise indicated. In the reactions 
described below, it may be necessary to protect reactive functional groups, 
for example hydroxy, amino, thio or carboxy groups, where these are 
desired in the final product, to avoid their unwanted participation in the 
reactions. Conventional protecting groups may be used in accordance 
with standard practice [see, for example, Green, T. W. in "Protective 
Groups in Organic Synthesis', John Wiley and Sons, 1991], In some 
instances, deprotection may be the final step in the synthesis of a 
compound of formula (1) and the processes according to the invention 
described hereinafter are to be understood to extend to such removal of 
protecting groups. 

Thus according to a further aspect of the invention, a compound of formula 
(1 ) may be obtained by hydrolysis of an ester of formula (2): 



where R 11 is an alkyl group. 

The hydrolysis may be performed using either an acid or a base 
depending on the nature of R 1 1 , for example an organic acid such as 
trifluoracetic acid or an inorganic base such as lithium hydroxide optionally 
in an aqueous organic solvent such as an amide, e.g. a substituted amide 
such as dimethylformamide, an ether, e.g. a cyclic ether such as 
tetrahydrofuran or dioxane or an alcohol, e.g. methanol at around ambient 
temperature. Where desired, mixtures of such solvents may be used. 



R 1 (Alk 1 WL 1 ) s — f y-(AII^) r 




C(RV- N(R ^COHet 



(2) 



Esters of formula (2) may be prepared by coupling an amine of formula 
(3): 
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H 1 (Alk 1 ),<L 1 ) 8 - 




{^NHR 3 



C 0 2 R 1 



(3) 



(where R 11 is as just described) or a salt thereof with an acid of formula 



or an active derivative thereof. 

1 0 Active derivatives of acids of formula (4) include anhydrides, esters and 
halides. Particular esters include pentafluorophenyl or succinyl esters. 

The coupling reaction may be performed using standard conditions for 
reactions of this type. Thus for example the reaction may be carried out in 

15 a solvent, for example an inert organic solvent such as an amide, e.g. a 
substituted amide such as dlmethylformamide, an ether, e.g. a cyclic ether 
such as tetrahydrofuran, or a halogenated hydrocarbon, such as 
dichloromethane, at a low temperature, e.g. around -30°C to around 
ambient temperature, optionally in the presence of a base, e.g. an organic 

20 base such as an amine, e.g. triethylamine, pyridine, or dimethyl- 
aminopyridine, or a cyclic amine, such as N-methylmorphotine. 

Where an acid of formula (4) is used, the reaction may additionally be 
performed in the presence of a condensing agent, for example a diimide 
25 such as 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide or N.N'-dicycio- 
hexylcarbodiimide, advantageously in the presence of a catalyst such as a 
N-hydroxy compound e.g. a N-hydroxytriazole such as 1-hydroxy- 
benzotriazole. Alternatively, the acid may be reacted with a chloroform ate, 
for example ethylchloroformate, prior to reaction with the amine of formula 



(4): 



5 



HetCQ 2 H 



(4) 



30 



(3). 
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Intermediates of formulae (2), (3) and (4), or compounds of formula (1), 
may be manipulated to introduce substituents to aromatic or 
heteroaromatic groups or modify existing substituents in groups of these 
types. Typically, such manipulation may involve standard substitution 
5 approaches employing for example alkylation, arylation, heteroarylation, 
acylation, thioacylation, halogenation, suiphonylation, nitration, formylation 
or coupling reactions. Alternatively, exisitng substituents may be modified 
for example by oxidation, reduction or cleavage reactions. Particular 
examples of such reactions are given below. Where these are described 
10 in relation to the generation of the group R 1 (Alk 1 )r(L 1 )s-, it will be 
appreciated that each reaction may also be used to introduce or modify R 5 
and/or R 6 substituents as appropriate. 

Thus in one example, a compound wherein R 1 (Alk 1 )r(L T )s- is a -L 1 H group 
15 may be alkylated, aryiated or heteroarylated using a reagent R1 (Alk 1 ) r X in 
which R1 is other than a hydrogen atom and X is a leaving atom or group 
such as a halogen atom, e.g. a fluorine, bromine, iodine or chlorine atom 
or a sulphonyloxy group such as an alkylsulphonyloxy, e.g. trifluoro- 
methylsulphonyloxy or arylsulphonytoxy, e.g. p-toluenesulphonyloxy group. 

20 

The reaction may be carried out in the presence of a base such as a 
carbonate, e.g. caesium or potassium carbonate, an alkoxtde, e.g. 
potassium t-butoxide, or a hydride, e.g. sodium hydride, in a dipolar aprotic 
solvent such as an amide, e.g. a substituted amide such as 
25 dimethylformamide or an ether, e.g. a cyclic ether such as tetrahydro- 
furan. 

In another example, a compound where R 1 (Alki)r(tJ) s is a -L 1 H group is a 
hydrogen atom may be functionaiised by acylation or thioacylation, for 

30 example by reaction with a reagent Ri(Alk 1 )rLiX [wherein L 1 is a -C{0)-, 
C(S)-, -N(R4)C<0)- or N(R4)C(S)- group], in the presence of a base, such 
as a hydride, e.g. sodium hydride or an amine, e.g. triethylamine or N- 
methylmorpholine, in a solvent such as a halogenated hydrocarbon, e.g. 
dichloromethane or carbon tetrachloride or an amide, e.g. 

35 dimethylformamide, at for example ambient temperature, or by reaction 
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with R 1 (Alk 1 ),C02H, Ri(Alk) 4 COSH or an activated derivative thereof, for 
example as described above for the preparation of esters of formula (2). 

In a further example a compound may be obtained by sulphonylation of a 
5 compound where R 1 (Alk 1 ) r (L 1 ) s is an -OH group by reaction with a reagent 
R 1 (Alk 1 )rL 1 Hal [in which L 1 is -S(0)- or -SO2- and Hal is a halogen atom 
such as chlorine atom] in the presence of a base, for example an inorganic 
base such as sodium hydride in a solvent such as an amide, e.g. a 
substituted amide such as dimethylformamide at for example ambient 
10 temperature. 

In another example, a compound where R 1 (Alk 1 ) r (L 1 )8 is a -L 1 H group, 
may be coupled with a reagent R 1 OH (where R 1 is other than a hydrogen 
atom) or R 1 Alk 1 OH in a solvent such as tetrahydrofuran in the presence of 
15 a phosphlne, e.g. triphenylphosphine and an activator such as diethyl, 
diisopropyi- or dimethylazodicarboxylate to yield a compound containing a 
Rl(Alki)rO- group. 

In a further example, ester groups -CO2R 4 or -CO2AUC* in compounds of 
20 formula (1) may be converted to the corresponding acid [-CO2H] by acid- 
or base-catalysed hydrolysis depending on the nature of the grousp R 4 or 
Alk 4 . Acid- or base-catalysed hydrolysis may be achieved for example by 
treatment with an organic or inorganic acid, e.g. triftuoroacetic acid in an 
aqueous solvent or a mineral acid such as hydrochloric acid in a solvent 
25 such as dioxan or an alkali metal hydroxide, e.g. lithium hydroxide in an 
aqueous alcohol, e.g. aqueous methanol. 

In a second example, -OR 7 [where R 7 represents an alkyl group such as 
methyl group] groups in compounds of formula (1) may be cleaved to the 
30 corresponding alcohol -OH by reaction with boron tribromide in a solvent 
such as a halogenated hydrocarbon, e.g. dichloromethane at a low 
temperature, e.g. around -78°C. 

Alcohol [-OH] groups may also be obtained by hydrogenation of a 
35 corresponding -OCH2R 7 group (where R 7 is an aryl group) using a metal 
catalyst, for example palladium on a support such as carbon in a solvent 
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such as ethanol in the presence of ammonium formate, cyclohexadiene or 
hydrogen, from around ambient to the reflux temperature. In another 
example, -OH groups may be generated from the corresponding ester [- 
C02Alk 4 or C0 2 R 4 ] or aldehyde [-CHO] by reduction, using for example a 
5 complex metal hydride such as lithium aluminium hydride or sodium 
borohydride in a solvent such as methanol. 

In another example, alcohol -OH groups in compounds of formula (1) may 
be converted to a corresponding -OR 3 group by coupling with a reagent 
1 0 R 7 OH in a solvent such as tetrahydrofuran in the presence of a phosphine. 
e.g. triphenylphosphine and an activator such as diethyl-, diisopropyl-, or 
dimethylazodicarboxylate. 

Aminosulphonylamino [-NHSO2NH2] groups in compounds of formula (1) 
15 may be obtained, in another example, by reaction of a corresponding 
amine [-NH2] with sulphamide in the presence of an organic base such as 
pyridine at an elevated temperature, e.g. the reflux temperature. 

In a further example amine (-NH2) groups may be alkylated using a 
20 reductive alkylation process employing an aldehyde and a borohydride, for 
example sodium triacetoxyborohyride or sodium cyanoborohydride, in a 
solvent such as a halogenated hydrocarbon, e.g. dichloromethane, a 
ketone such as acetone, or an alcohol, e.g. ethanol, where necessary in 
the presence of an acid such as acetic acid at around ambient 
25 temperature. 

In a further example, amine [-NH2] groups in compounds of formula (1) 
may be obtained by hydrolysis from a corresponding imide by reaction with 
hydrazine in a solvent such as an alcohol, e.g. ethanol at ambient 
30 temperature. 

In another example, a nitro [-NO2] group may be reduced to an amine [- 
NH2I, for example by catalytic hydrogenation using for example hydrogen 
in the presence of a metal catalyst, for example palladium on a support 
35 such as carbon in a solvent such as an ether, e.g. tetrahydrofuran or an 
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alcoho! e.g. methanol, or by chemical reduction using for example a metal, 
e.g. tin or iron, in the presence of an acid such as hydrochloric acid. 

Aromatic halogen substituents in compounds of the invention may be 
subjected to halogen-metal exchange with a base, for example a lithium 
base such as n-butyl or t-butyl lithium, optionally at a low temperature, e.g. 
around -78°C, in a solvent such as tetrahydrofuran and then quenched 
with an electrophile to introduce a desired substituent. Thus, for example, 
a formyi group may be introduced by using dimethylforrnamide as the 
electrophile; a thiomethyl group may be introduced by using 
dimethyldisulphide as the electrophile. 

In another example, sulphur atoms in compounds of the invention, for 
example when present in the linker group L 1 may be oxidised to the 
corresponding sulphoxide using an oxidising agent such as a peroxy acid, 
e.g. 3-chlorope roxybenzoic acid, in an inert solvent such as a halogenated 
hydrocarbon, e.g. dichioromethane, at around ambient temperature. 

Intermediates of formulae (3) and (4), RifAlkifrX, R 1 <Alk 1 )rL 1 X, 
R 1 (Alki)rC02H, R 1 OH and RiAlk 1 OH are either known compounds or 
may be prepared from known starting materials by use of analogous 
processes to those used for the preparation of the known compounds 
and/or by treating known compounds by one or more of the aikylation, 
acylation and other manipulations described herein, such as particularly 
described for the preparation of the Intermediates in the exemplification 
selection hereinafter. 

N-oxides of compounds of formula (1) may be prepared for example by 
oxidation of the corresponding nitrogen base using an oxidising agent such 
as hydrogen peroxide in the presence of an acid such as acetic acid, at an 
elevated temperature, for example around 70°C to 80°C, or alternatively 
by reaction with a peracid such as peracetic acid in a solvent, e.g. 
dichioromethane, at ambient temperature. 

Salts of compounds of formula (1) may be prepared by reaction of a 
compound of formula (1) with an appropriate base in a suit able solvent or 
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mixture of solvents e.g. an organic solvent such as an ether e.g. 
diethylether, or an alcohol, e.g. ethanol using conventional procedures. 

Where it is desired to obtain a particular enantiomer of a compound of 
formula (1) this may be produced from a corresponding mixture of 
enantiomers using any suitable conventional procedure for resolving 
enantiomers. 



Thus for example diastereomeric derivatives, e.g. salts, may be produced 
by reaction of a mixture of enantiomers of formula (1) e.g. a racemate, and 
an appropriate chiral compound, e.g. a chirai base. The diastereomers 
may then be separated by any convenient means, for example by 
crystallisation and the desired enantiomer recovered, e.g. by treatment 
with an acid in the instance where the diastereomer is a salt. 



In another resolution process a racemate of formula (1 ) may be separated 
using chiral High Performance Liquid Chromatography. Alternatively, if 
desired a particular enantiomer may be obtained by using an appropriate 
chirai intermediate in one of the processes described above. 



The following Examples illustrate the invention. All temperatures are in 
°C. The following abbreviations are used: 



EDC - 1 -(3-dimethylaminopropy!)3-ethycarbodiirnide; 



DMF - dimethylformamide; 
HOBT - 1 -hydroxybenzotriazole; 
TFA - trifluoroacetic acid; 
DCM - dichloromethane; 
BOC - tert-butoxycarbonyl: 
MeOH - methanol; 
tyr - tyrosine; 
HetAr - heteroaryl; 
thiopro - thioproline; 
Me - methyl; 



DMSO - dimethylsulphoxide; 

THF - tetrahydrofuran; 

NMM - N-methylmorpholine; 

Ph - phenyl; 

EtOAc - ethyl acetate; 

LDA - lithium diisopropylamide 

Ar - aryl; 

pyr - pyridine; 

Bu - butyl; 

app - apparent 
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INTERMEDIATE 1 

2-Chloronicotinoyl-Q-<2.6-dichlorobenzYlVL-tYro&ir>e methyl ester 

A solution of 0-(2,6-dichlorobenzyl)-/--tyrosine methyl ester hydrochloride, 
(1.1 1g, 2.84mmol), 2-chloronicotinic acid (0.45g, 2.84mmol), EDC (0.60g, 

5 3.13mmol), HOBT (0.46g, 3.41 mmoi) and NMM (0.467ml, 0.43g, 
4.26mmol) in DCM (25mi) was stirred at room temperature for 24 h. The 
reaction mixture was partitioned between DCM (50ml) and 10% NaHCOs 
solution (30ml). The organic layer was separated, dried over MgSCU and 
the solvent removed under vacuum to give a pale yellow solid that was 

1 0 recrystalised from EtOAc/hexane to give the title compound as an off white 
solid (1.1 4g, 81%). 8H (CDCI3) 8.46 (1H, dd. i2.0, 4.7Hz), 8.05 (1H, dd, J 
2.0, 7.6Hz), 7.34 (2H, m), 7.25 (2H, m), 7.11 (2H, m), 6.96 (3H, m), 5.24 
(2H, s), 5.06 (1H, m), 3.80 (3H, s) and 3.24 (2H, m). 

15 INTERMEDIATE 2 

2-T^iofS-2.5^imcthQxvDhenvnnicoHnoYi-O^.S^dichlorobenzvlVL- 
tyrosine methyl &$ter 

A solution of 0-(2,6-dichiorobenzyt)-L-tyrosine methyl ester hydrochloride 
(0.78g. 2.0mmol), EDC (0.42g, 2.2mmol) HOBT (0.32g, 2.4mmol) and 

20 NMM (0.55ml, 0.50g, 5.0mmoi) in DMF (10ml) was treated with a solution 
of 2-thio(2,5-dimethoxvphenyl)nicotinfc acid (0.58g, 2.0mmol) in DMF (2ml) 
and stirred for I6h at room temperature. Solvent was removed in vacuo 
and the residue was partitioned between EtOAc (50ml) and 10% 
hydrochloric acid (25ml). The organic layer was separated, washed with 

25 10% NaHC03 solution (30ml), dried over MgS0 4 and the solvent removed 
in vacuo to give a yellow oil which was purified by chromatography (S1O2; 
EtOAc/hexane 1:1) to give the title compound as a white foam (1.14g, 
86%). 5H (CDCI3) 8.39 (1H. dd. A 1 .9, 4.7Hz). 7.85 (1 H, dd, si 1 9, 7.7Hz), 
7.47 (1 H, d. d 7.6HJz), 7.37-6.81 (1 1H, m), 5.18 (2H, s), 5.09 (1H, m), 3.78 

30 (6H, s), 3.53 (3H, s) and 3.25 (2H, m). 

INTERMEDIATE 3 

2-MercaDtonicotinoYl-Q-<2-6-dich[orobenzvn-L'tvroqine meth y l e ster 

A solution of 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride 
35 (2.50g, 6.4mmol), 2-mercaptonicotinic acid (0.99g. 6.4mmol) and NMM 
(1.41ml, 1.29g, 12.8mmol) in DMF (10ml) was stirred at room temperature 
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for 64h. Solvent was removed in vacuo and the residue partitioned 
between DCM (30ml) and water (25ml). The aqueous layer was extracted 
with DCM (30ml) and the combined organic layers were washed with 10% 
NaHC0 3 solution (30ml), dried over MgSCU and the solvent removed in 

5 vacuo to give a brown oil which was purified by chromatography (SiC>2; 
gradient elution, 4:1 EtOAc/hexane to 100% EtOAc) to give the Jiils 
compound as a yellow foam, (2.92g. 93%). SH (CDCI 3 ) 8.71 (1H, dd, J 
1.8, 7.6Hz), 8.05 (1H, s), 7.61 (1H. dd, A 1-8. 6.1Hz), 7.35 (2H, m), 7.33- 
7.19 <2H, m), 6.94 (2H, d, J 8.7Hz), 5.22 (2H, s), 4.97 (1H, m), 3.74 (3H, s) 

10 and 3.21 (2H, m). 

IHTEPMEDIATE 4 

2-Thio/S-4-DieoIinvl^nicotlnoyl-Q-r2.6-dichlorobenzvlVL-tvrosine 
methyl ester 

15 A solution of Intermediate 3 (Q.50g, LOmmol) and 4-picoiyl chloride 
hyrochloride (0.1 7g, LOmmol) in DCM (10ml) was treated with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (0.31ml, 0.31 g, 2.0mmol) and stirred at 
room temperature for 5h. The reaction was partitioned between water and 
DCM, the organic layer separated, dried over M9SO4 and the solvent 

20 removed in vacuo to give a yellow gum that was purified by 
chromatography (S1O2, EtOAc), to give a pale yellow solid, which was 
recrystallised from EtOAc/hexane (1 :1) to give the title compound as ah off 
white solid (0.30g, 52%). SH (CDCI3) 8.47(2H, m), 7.69 (1H, dd, J 1.8, 
77Hz), 7.38-7.22 (6H, m), 7.06 (3H, m), 6.90 (2H, m), 6.62 (1H, d, 1 

25 7.5Hz), 5.23 (2H, s), 5.03 (1 H, m), 4.40 (2H. m). 3.79 (3H, s), 3.28 (1 H. dd, 
i5.8, 14.1Hz) and 3.19 (1H, dd.JSA 14.1Hz). 

2-Thio<S-2.5<timethoxYPl^vl^ 
30 methyl ester 

A solution of 4-amino-L-phenylalanine methyl ester dihydrochloride (0.53g, 
2.0mmoi), EDC (0.42g, 2.2mmol) HOBT (0.32g, 2.4mmol) and NMM 
(0.66ml, 0.61 g, 6.0mmol) in DMF (10ml) was treated With a solution of 2- 
thio(2,5-dimethoxyphenyl)nicotinic acid (0.58g, 2.0mmol) in DMF (2ml) and 
35 stirred for 64h at room temperature. The solvent was removed in vacuo, 
and the residue partitioned between DCM (30ml) and water (20ml). The 
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organic layer was separated, washed with 10% NaHCOg (20ml) solution, 
dried over MgS04 and the solvent evaporated in vacuo to give a brown 
gum which was purified by chromatography (SiOg; EtOAc) to give the title 
compound as a yellow foam (0.67g, 72%). 5H (CDCI 3 ) 8.35 (1 H, dd, A 1 .8, 
5 4.8Hz), 7.81 (1H, dd, ± 1.9, 7.7Hz), 7.41 (1H, d, J7.6HZ), 7.12 (1H, d, J 
3.0Hz), 7.07-6.81 (5H, m), 6,49 )2H, d, d 8.4Hz), 5.00 <1H, m), 3.76 (3H, 
s), 3.74 (3H, s, 3.55 (3H, s) and 3.14 (2H, m). 

INTERMEDIATE 6 

10 2-TTiiorS-2.5Hjimethoxvphenynnicotinovl-/N-2.6-dichloroben2oylVL-4- 

A solution of Intermediate 5 (0.68g, 1.5mmol) and NMM (0.53ml, 0.49g, 
4.8mmol) In DCM (20ml) was treated with 2,6-dichlorobenzoyl chloride 
(0.23ml, 0.33g, 1.6mmol) and the reaction stirred for 16h at room 

15 temperature, then partitioned between DCM (50ml) and 10% NaHC03 
solution (30ml). The organic layer was separated, dried over MgSC*4 and 
the solvent evaporated in vacuo to give an off-white solid that was 
triturated with EtOAc/diethyi ether (2:1) to give the title compound as an 
off-white solid (0.44g, 46%). 5H (MeOH-d 4 ) 8.28 (1H, dd, J 1.8. 4.9Hz), 

20 7.70 (1 H, dd, d 1 -8, 7.6Hz). 7.58 (2H. d, J 8.6Hz), 7.48-7.38 (3H, m). 7.30 
(2H, d, J. 8.6Hz), 7.27 (1H, dd. J4.9. 7.7Hz), 7.01 (1H, dd, J 1.1, 2.3Hz). 
6.93 (2H, m), 4.87 (1H, m), 3.77 (3H, s), 3.75 (3H, s), 3.60 (3H, s), 3.32 
(1H,m) and 3.13 ( H, dd, J 8.6, 14.0Hz). 

25 INTERMEDIATE 7 

NMM (155mg, 169vU, 1.54mmol), HOBT (227mg, 1.68mmol), 4-acetyl- 
1,2,5-trimethylpyrrole-3-carboxylic acid (300mg, 1.54mmol) and EDC 

30 (295mg, 1 .54mmoi) were added sequentially to a stirred solution of 0(2,6- 
dichlorobenzyl)-L-tyrosine methyl ester hydrochloride (546mg, 1 .40mmol) 
in dry DMF (15ml). The reaction was stirred at room temprature under N2 
for 1 8h. The solvent was removed in vacuo and the residue partitioned 
between EtOAc (50ml), and 10% aqueous Na2C03 (40ml). The phases 

35 were separated and the queous phase extracted with EtOAc (2 x 25ml). 
The combined organic extracts were washed consecutively with 5% 
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aqueous hydrochloric acid (20ml), 10% aqueous Na2COa (20mi) and brine 
(10ml), dried (Na^SO^ and evaporated in vacuo. The obtained orange 
foam (0.6g) was chromatographed (silica; 50% EtOAc/Hexane — > 100% 
EtOAc) affording the title compound as a white foam (380mg, 51%); 'Hnmr 
(d^DMSO) 8.53 (1H, d, d 8Hz, NH). 7.57-7.43 (3H, rn's, aryl-H), 7.22 (2H, 
d, d 8.5Hz), aryl-H), 6.95 (2H, d, d 8.5Hz, aryl-HJ, 5.18 (2H, br S, Cfcb-O), 
4.67 (1H, m, a-tyr-H), 3.66 (3H, s, Me-O), 3.34 (3H, s, Me-N), 3.12 (1 H, 
dd, d 4.1, 13.8Hz, CfcUHBAr), 2.90 (1H, dd, d 11.3, 13.8Hz, CHAidsAr), 
2.32 (3H, s, MeCO), 2.0 (3H, s, pyrro!e-Me) and 1.94 (3H, s, pyrrole-Me). 
m/z (ES + 60V) 531 (MH+, 100). 533 (MH+, 75) 553 (MNa+, 15%). 

INTERMEDIATE 8 

2-Chtoronicotinyl-(jV-2.6-dichiorobenzoylVL-4-aminoDhenvlalanine 
methyl ester 

EDC (270mg, 1.5mmol) was added to a stirred solution of (N-2,6- 
dichlorobenzoyl)-L-4-aminophenylalanine methyl ester (500mg, 1 .3mmoi), 
2 chloronicotinic acid (200mg, 1.3mmol), HOBT (190mg, 1.5mmol) and 
NMM (423uJ, 3.9mmol) in anhydrous DMF (2ml) at 0°. The DMF solution 
was stirred overnight at room temeprature then the DMF was evaporated 
in vacuo. The residue was taken up in DCM (50ml), washed with water (3 
x 10ml), saturated aqueous NaHC03 (2 x 10ml) and water (2 x 10ml), 
dried (Na 2 S0 4 ) and evaporated in vacuo. The residue was purified by 
chromatography (S1O2; 1:1 EtOAc: hexane) to give the title compound as a 
white foam (450mg, 80%). 5H (CDCI3), 8.50 (1H, m, pyr H), 8.05 (1H. d, d 
9.2Hz, pyrH), 7.58 (2H, d, d 8.5Hz, ArH), 7.46 (1H, brs, NH), 7.36-7.24 
(3H, m, 2ArH, 1pyrH). 7.21 (2H, d, d 8.5Hz, 2 ArH), 7.12 (1H, d, d 6.6Hz, 
NH), 5.05-5.18 (1H. m, CHatyr), 3.81 (3H. s, CCfeMe) and 3.39-3.18 (2H, 
m, CH 2 Ar). 

INTERMEDIATE 9 

Methyl-2-thio(S-acetate>nieotinoyl-Q-^.6-dlchlorobengvl)-L-tvrosine 
nretftyl ester 

A solution of Intermediate 3 (370mg, 0.76mmoi) in anhydrous DMF (2ml) 
was added to a suspension of sodium hydride (60% in oil, 33mg, 
0.83mmol) in anhydrous DMF (3ml) at 0°. The mixture was stirred for 
10min at room temperature, then recooled to 0°. Methyl bromoacetate 
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(115mg, 0.76mmol) was added dropwise, then the mixture was stirred 
overnight at room temperature. The mixture was quenched with water 
(0.5ml) and the DMF evaporated in vacuo. The residue was dissolved in 
EtOAc, washed with water (3 x 10ml), dried (NaaSCH) and evaporated in 
vacuo. The residue was purified by chromatography {Si02l EtOAc/hexane 
1 :1) to give the title compound as a white solid (360mg, 85%). 5H (CDCI3) 
8.45 (1H, m, pyrH), 7.71 (1H, d, J 7.7, pyrH), 7.35 (2H, d, J 7.3Hz, 2ArH), 
7.28-6.9 (6H, m, 5ArH, 1pyrH), 6.71 (1H, d, si 7.5Hz, NH), 5.24 (2H, s, 
OCH 2 Ar), 5.08-5.03 (1H, m, CHa tyr), 3.96 (2H, s, SCH2), 3.78 (3H. s, 
CO2CH3), 3.71 (3H, s, CO2CH3), 3.31 (1H, dd, J. 14, 5.4Hz, CtUHeAr) 
and 3.21 (1 H, dd, J 14, 5.2Hz, CHAHeAr). 

INTERMEDIATE 10 

2-ThiofS-methyi>nicotinoyt-D-/2.6- dichloroben2yiV£.-tYrQSine methyl 
ester 

EDC (540mg, 3mmol) was added to a stirred solution of (0-2,6- 
dichlorobenzyl)-L-tyrosine methyl ester (1g, 2.6mmol), 2 methyimercapto- 
nicotinic acid (433mg, 2.6mmol), HOBT (364mg, 2.6mmol) and NMM 
(846m.!, 7.8mmoi) in anhydrous DMF (4mi) at 0°. The DMF solution was 
stirred overnight at room temperature, then the DMF was evaporated in 
vacuo. The residue was taken up in DCM (70ml), washed with water (3 x 
15ml), saturated aqueous NaHCOa (2 x 15ml) and water (2 x 15ml), dried 
(NaaSO^) and evaporated in vacuo. The residue was purified by 
chromatography (Si0 2 ; EtOAc) to give the title compound as a white solid 
(1.2gm, 92%). 5H (CDCI3) 8.42 (1H, dd, 0.1.7, 4.8, 1pyrH)(, 7.67 (1H, dd, 
J 1.7, 7.6, 1pyrH), 7.31 (2H, d, J 8.5, ArH), 7.18 (1H. dd, J 2.3, 8.5, ArH), 
7.09 (3H, d, plus broad peak, a 8.6, 2ArH, 1NH), 6.97 (1 H, m, 1pyrH), 6.88 
(2H, d, J. 8.6, 2 ArH), 5.18 (2H. s, OCH 2 Ar), 4.96 (1H, m, CHatyr), 3.72 
(3H, s, OCH3), 3.25-3.04 (2H, m, CH 2 Ar) and 2.47 (3H, s, SCH3). m/z 
(ESI, GOU) 505 (MH+). 

INTERMEDIATE tl 

Ethyl a-f4-fff4-methoxv benzynoxv1carbonvl>phenvlV2= 
rfdiphenyl methylanetaminolpropanoate 

/V-(Diphenylmethylene) glycine ethyl ester (6.6g, 24.6mmol) and potassium 
carbonate (6.8g, 49mmol) were added to a solution of 4-methoxybenzyl-4- 
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(bromomethyl)benzoate (8.2g, 24.6mmol) in acetonitrile (200ml). The 
mixture was heated at reflux ovenight, then filtered and the solvent 
removed in vacuo to give the title compound as a yellow oil (13.55g). SH 
(CDCI3, 300 MHz) 7.8 (2H, d, i 9.0Hz), 7.5 (10H, m), 7.3 (2H, d, d 9.0Hz), 
5 6.9 <2H, d), 6.6 (2H, m), 5.23 (2H, s), 4.1 (3H, m), 3.7 (3H, S>, 3.2 (2H, m) 
and 1 .2 (3H, m); m/z. (ESI) 522 (MH+). 

INTERMEDIATE 13 

Ethyl 2-amino-3-(4n(4-methoxybenzvl>oxylcarbonvl>pheny>) 
10 prgpanoate 

Hydrochloric acid (2M, 15.83ml, 1.5eq) was added to a solution of 
Intermediate 11 (11. Og, 21.l2mmol) in THF (30ml). After 20min the 
reaction mixture was basified to pH7 with NaHC03 tne solvent 
removed in vacuo. The residue was taken up in EtOAc (300ml) and 
15 washed with water (200ml) and brine (200ml), dried (MgS04) and 
evaporated in vacuo. Chromatography (SiC>2; EtOAc) gave the title 
compound as a yellow oil (4.91 g, 65%). 5H (CDCI3, 300MHz) 7.88 (2H t d, 
J 8.0Hz). 7.4 (4H, dd), 7.0 (2H, d, d 8.0Hz), 5.25 (2H, s), 4.05 (2H, q), 3.7 
(3H, S), 3.57 (1H, t), 2,87 (2H, m) and 1.1 (3H, t), m/z (ESI) 358 (MH+). 

20 

INTERMEDIATE 13 

EthY«-2^[(2^hloro^^ridinyt)carbQnYnpmlno}-3^4-fr(4- 
methoxvbgnzynoxvlcarbonvnphenvnprooanoatc 

EDC.HCl (591 mg, 3.08mmol) and HOBT (416mg, 3.08mmol) were added 
25 to a solution of Intermediate 12 (Log, 2.8mmol), 2-chloronicotinic acid 
(450mg, 2.86mmol) and NMM (370uJ, 3.36mmol) in DMF (30ml). The 
reaction mixture was stirred overnight at room temperature. The solvent 
was removed in vacuo and the residue partitioned between EtOAc (300ml) 
and NaHC03 solution (300ml). The organic phase was washed with citric 
30 acid (10%, 2 x 200ml), NHCO3 solution (200ml) and brine (300ml), dried 
(MgSO*) and concentrated in vacuo to give the title compound as a yellow 
oil (1 .36g, 98%). SH (CDCI3, 300MHz) 9.12 (1H. d, A 8.0Hz), 8.47 (1 H, m), 
7.91 (2H, d, i 8.0Hz), 7.6 (1H, dd). 7.45 (5H, m), 6.95 (2H, d, J 8.0Hz), 
4.67 (1H, m), 4.15 (2H, m), 3-75 (3H. s), 3.31 (1H, m), 3.23 (1H, m) and 
35 1.17 (3H,s); m/z. (ESI) 497 (MH + ). 
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Ethvl 2-frf2-chloro-3-pvridinvncarbonvnaminol-3-f4-/ carboxy» P henvn 
prcpanoate 

TFA (20ml) was added to a solution of Intermediate 13 (l.36g, 2.75mmol) 
5 in toluene (20ml). The reaction mixture was stirred for 30min at room 
temperature. The white solid obtained was recrystaiiised (EtOAc/hexane) 
to give the title compound (1.04g, 100%). 3H (CDCI3, 300MHz) 12.84 (1H, 
br s). 9.1 (1H, d, d 8.0Hz), 8.47 (1H, m) f 7.87 (2H, d, d 8.0HZ), 4.1 (2H, m), 
3.2 (1H, m), 3.07 (1H, m) and 1.17 (3H, m); m/ S (ESI) 377 (MH+). 

10 

INTERMEDIATE 15 

^th yj2-^(2-chioro^ -pyridiny»lcarbonynaminoV^^4-«2.6- 
dictllPro?inil|n9K^' , »?0"Y0P h ^ n V')P' ,o P aneat t 

Carbon tetrachloride (5ml) was added to a suspension of Intermediate 1 4 
15 (l.04g, 2.76mol) and triphenylphosphine (0.87g, 3.31 mmol) in acetonitriie. 
The reaction mixture was stirred for 2h at room temperature. 2,6- 
Dichtoroaniline (0.89g, 5.52mmol) and NMM (455uJ, 4.l4mmoi) were 
added and the mixture stirred for a further 48h at room temperature. The 
solvent was removed in vacuo and the residue partitioned between water 
20 and EtOAc. The aqueous layer was extracted with EtOAc (x 2) and the 
combined organic extracts washed with water (x 2) and saturated aqueous 
NaHC03 (x2), dried (Na 2 S04) and concentrated in vacuo. 
Chromatography (Si025 EtOAc/hexane 50:50) gave the t^ie compound 
(924mg) SH (CDCI3. 300MHz) 8.48 (1H, s), 8.05 (1H, d, J 7.4Hz), 7.89 
25 (2H, d, J[ 7.9H2), 7.69-7.10 (8H, m), 5.1 1 (1H, dt, i 6.7, 5.8Hz), 4.25 (2H, 
q, J 71Hz), 3.42 <1H, dd, J. 13.9, 5.8Hz), 3.31 (1H, dd, A 13.9, 5.8Hz) and 
1.30 (3H, t, J7.1 Hz). 

INTERMEDIATE 16 
30 Methyl 4^f2 .e-dtehtorophenviV2-hvdroxvlethvnb«nzoate 

A solution of methyl 4-(bromomethyl)benzoat© (2.0g. 8.7mmol) in THF 
(4.4ml) was added slowly to cut zinc foil (683mg, 10.44mmol) which had 
been activated with 1 ,2-dibromoethane (80mg). After 3h of stirring at room 
temperature 2ml of the solution was transferred to a solution of copper 
35 cyanide (396mg, 4.4mmol) and lithium chloride (356mg, 8.4mmol) in THF 
(4ml) cooled to -78°. This solution was warmed to -20° and then cooled 
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back to -7B°. Boron trifluoride etherate (983u.l, 8mmol) was then added 
followed by 2,6-dichlorobenzaldehyde (0.56g, 3.2mmoi) in THF (1ml). The 
reaction was stirred for 2h and then allowed to warm slowly to room 
temperature. Water (20ml) was then added and the reaction mixture 
extracted into EtOAc (3 x 25ml) and the combined organics dired 
(Na2S04) and evaporated. Purification by column chromatography (S1O2; 
hexane.EtOAc. 4:1) gave the title compound as a colourless oil (863mg, 
83%). SH (CDCI3) 7.95 (2H, m, ArH), 7.93-7.26 (4H, m, ArH), 7.17-7.12 
(1H, m, ArH), 5.73-5.65 (1H, m, CH), 3.91 (3H, s, COaMe), 3.43 (1H, dd, J 
13.5, 8.4Hz, CHaHb) and 3.28 (1H, dd, J 13.5, 6.3Hz, CHaHb), m/z (ESI, 
60V) 325 (MH+). 

lNTEpMgQtATg 17 

Mrthvl4-r2-<rt«rt-butvtrdimethvnsilvnoxvl-2-f2.6-dichloroDhenvn 
ethvllbenzoata 

To a solution of Intermediate 16 (20g, 6.l5mmol) in DCM (10ml) cooled to 
0° was added 2,4,6-colildine (2.03ml, 15.39mmot). After 15min ferf- 
butyldlmethylsilyltrifluoromethanesulphonate (2.12ml, 9.23mmol) was 
added. The reaction mixture was stirred overnight at room temperature 
then diluted with DCM (100ml) and washed with 1M hydrochloric acid 
(50ml), water (50ml) and brine (50ml), dried (Na 2 S04) and evaporated 
under reduced pressure. Purification by column chromatography (S1O2; 
hexane:EtOAc, 5:1) gave the title compound as a pate pink oil (2.67g, 
100%). 8H (CDCI3) 7.94 (2H, d, d 6.5Hz, ArH), 7.33. 7.21 (4H. m, ArH), 
7.13-7.07 (1H, m, ArH), 5.58 (1H, dd, J. 9.4, 4.6Hz, CH), 3.90 (1H, s, 
C0 2 Me). 3.46 (1H. dd, JL 13.1, 9.4Hz, CHaH B ), 3.04 (1H, dd, d 13.1, 
4.6Hz, CHaHb). 0.74 (9H, s, SitBu), -0.31 (3H. s, SIMe) and -0.32 (3H, s, 
SiMe); rn/2 (ESI, 60V) 361 (MH+). 



4rg-( ireffrbu tylW}me^yl)«ilyil0XYV2-(2A 
diehlorophenynethvnbenzvlataohol 

Lithium aluminium hydride (1M solution in THF, 6.46ml, 6.46mmo0 was 
added to an ice cold solution of Intermediate 17 (2.67g, 6.l5mmol) in THF 
(20ml). The reaction mixture was stirred for 1h then quenched with the 
addition of water and extracted into DCM (3 x 50ml), dried (Na 2 S04) and 
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evaporated under reduced pressure. Purification by column 
chromatography (S1O2; hexane:EtOAc, 4:1) gave the title compound as a 
colourless oil (2.g, 87%) 5H 7.32-7.06 (7H, m f ArH), 5.56 (1 H, dd. J. 9.3, 
4.7Hz, CH 2 CH), 4.65 (2H, d, J 5.9Hz, CfcfeO), 3.39 (1H, dd, d 13.2, 9.3Hz, 
5 CIJaHb), 3.01 (1H, dd, J 13.2, 4.7Hz, CHaH b ). 0.75 (9H, s, SitBu), -0.29 
(3H, s, SiMe) and -0.31 (3H, s, SiMe); m/z (ESI, 60V) 433 (MH+). 

INTERMEDIATE 1 9 

442-ffrart-butvlfdimrthvnsilvnoxv>-2-/2.6-dichlor 0 ph e nyl^thvn 

10 trengylfrrgmitig 

A solution of triphenylphosphine (843mg, 3.21 mmol) in DCM (2ml) was 
added to a solution of carbon tetrabromide (1.42g, 3.73mmol) and 
Intermediate 18 (1.1 Og, 2.67mmol) in DCM (3mi) and stirred at room 
temperature for 24h. Ether (100ml) was added and the solid precipitate 

1 5 formed removed by filtration. The filtrate was evaporated under reduced 
pressure and the residue purified by column chromatography (SiC>2; 8:1, 
hexane.EtOAc) to give the title compound (1 .20g, 95%). 5H (CDCI3) 7.32- 
7.07 (7H, m, ArHO, 5.54 (1H, dd, J. 9.5, 4.4Hz, CH 2 QD, 4.49 (2H, s, 
CfcfcBr), 3.39 (1H, dd, J 13.2, 9.5Hz, CHaH b ). 2.96 (1H, dd, J 13.2, 4.4Hz, 

20 CHaHb). 0.73 (9H, s, Si^u). -0.31 (3H, s, SiMe) and -0.32 (3H, s, SiMe); 
m/2 (ESI, 60V) 474 (MH + ). 

INTERMEDIATE 20 

4-f2-^ref^utyi<dimethvtteilvnoxvV-2^2.6^iehicrophenvlWthvn 

2s phenylalanine ethyl wttr 

To a solution of ethyl /V-(dlphenylmethyiene)glycinate (2.63g. 9.81 mmol) in 
THF (50ml) cooled to -78° was added lithium diisopropylamine (2M in 
heptane/THF/ethyibenzene, 5.64ml, 1 1 .28mmoi). The solution was stirred 
for 45min. Intermediate 19 (4.20g, 8.92mmot) in THF (20ml) was then 

30 added dropwise. The reaction mixture was stirred for 2h at -78° and then 
warmed to room temperature. EtOAc (100ml) was added and the mixture 
washed with water (75ml) and brine (75ml), dried (Na 2 SCU) and 
evaporated under reduced pressure. The residue was then taken up in 
acidic ethanol and stirred for 10min. The volatiles were then removed and 

35 the residue partitioned between EtOAc (150ml) and saturated aqueous 
Na2COa (1 00ml). The aqueous layer was extracted several times with 
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EtOAc and the combined organics dried (Na 2 S04> and evaporated under 
reduced pressure. The remaining residue was purified by column 
chromatography (Si0 2 ; EtOAc) to give the title compound as a colourless 
oil (3.95g, 95%). SH (CDCI 3 ) 7.32-7.05 (7H, m, ArH), 5.52 (1H, dd, d 9,4, 

5 4.6Hz, CHOSi), 4.18 (2H, q, J 7.1Hz, CO2CH2CH3), 3.68 (1H, dd, d 7.9, 
5.1Hz, CHNH 2 ), 3.35 (1H, dd, J 13.2, 9.4Hz, CHOSiCtUHe), 3.07 (1H, dd, 
J 13.5, 5.1Hz, CHNH 2 CHaH B ), 2.95 (1H, dd, J 13.2, 4.6Hz, 
CHOSiCHaHb), 2.95 (1H, dd, J 13.2, 4.6Hz, CHOS'iCHaHb), 2.82 (1H, dd, 
A 13.5, 7.9Hz, CHNH2CHaHb), 1.53 (2H, br S, Ntte), 1.27 (3H, t, J 7.1Hz, 

10 C0 2 CH 2 Cti3), 0.74 (9H, s r Si*Bu) and -0.32 (6H, s, SiMe 2 ); m/z (ESI, 60V) 
496 (MH+). 

INTERMEDIATE 21 

l4-r2-TrTeff-butvUdimethvllsilyl7oxvl-2-/2.6-dichlorophenyl)ethyllH^- 
15 2-chloronicotinoynphenylalanlne ethyl ester 

To a solution of Intermediate 20 (1 .50g, 3.2ommol) and 2-chloronicotinic 
acid (504mg, 3.20mmol) in DCM (75ml) at room temperature was added 
NMM (386u.l,3.53mmol), EOC (675mg, 3.53mmol) and HOBT {477mg, 
3.53mmol). The reaction mixture was stirred overnight at room 

20 temperature and then diluted with DCM (50ml) and washed with saturated 
aqueous Na 2 C03 (50mi), water (50ml) and brine (50ml), dried (Na 2 S0 4 ) 
and evaporated under reduced pressure. The residue was purified by 
column chromatography (Si0 2 ; EtOAc) to give the title compound as a 
white solid (1.72g, 85%). SH (CDCI3) 8.41-8.38 (1H. m, NH), 8.01-7.96 

25 (1 H, m, ArH), 7.29-6.97 (9H, m, ArH), 5.47 (1 H, dd, J. 9.2, 4.7Hz, CHOSi), 
5.24-4.96 (1H, m, CfciNH), 4.19 (2H, qd, J 7.1, 1.1 Hz, CO2CH2CH3), 3.34- 
3.14 (4H, m, CH 2 x 2), 1.27 (3H, td, i 7.1, 1.3Hz, C0 2 CH 2 Cti3). 0.69 (s) 
and 0.66 (s); together (9H, Si*Bu) and -0.38 (s) and -0.40 (s); together (6H, 
SiMe2); 659 (M++ Na+). 

30 

(M-2^hioronic<rtinoyfV4-r^^^ 
phenylalanine ethyl eater 

Tetrabutylammonium fluoride (1M in THF, 4.7ml, 4.70mmol) was added to 
35 a solution of Intermediate 21 (1 .50g, 2.35mmol) in THF (75mi) at room 
temperature. The reaction mixture was stirred for 2h and then the THF 
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removed and the residue partitioned between EtOAc and water. The 
layers were separated and the aqueous layer extracted wfth EtOAc. The 
combined organics were dried (Na 2 SCu) and evaporated under reduced 
pressure. Purification of the residue by column chromatography (Si0 2 ; 
5 MeOH:DCM, 5:95) gave the title compound as a pale brown oil (1,03g, 
84%) 5H (CDCb) 8.31-8.29 (1H, m, NH), 7.86-7.82 (1H,m, ArH), 7.25-6.96 
(9H, m. ArH), 5.54-5.49 (1H, m, CH), 4.94-4.88 <1H, m, CH), 4.1 1 (2H, qd, 
J 7.1 , 2.0Hz, CO2CH2CH3), 3.28-3.03 <4H, m, 2 x CH 2 ) and 1.19 (3H. td. J 
7.1, 1.1Hz, C0 2 CH 2 Ci±j); m/z (ESI, 60V) 521 (MH+). 

10 

INTERMEDIATE 23 

(/V-2'ChloronicotinoylH4-r2-(2.&.dichloroDhenvn-2K>xoethvm 
phenylalanine ethyl ester 

To a solution of Intermediate 22 (300mg, 0.58mmol) in acetone (20ml) was 
1 5 added Jones' Reagent dropwise until an orange colour persisted. i-Propyi 
alcohol was added to use up excess reagent and then the solution was 
basified by the addition of saturated aqueous Na 2 CC>3 solution. The 
solution was then decanted from the solids and the acetone removed in 
vacuo. The remaining aqueous solution was then extracted with ether (x 
20 2) and the combined organics dried (NaaSO*) and evaporated under 
reduced pressure. The residue was purified by column chromatography 
(SiCV, hexane:EtOAc, 3:2) to give the title compound as a colourless oil 
(200mg, 67%). 8H (CDCb) 8.40 (1H, dd, J_ 4.8, 2.0Hz), 7.94 (1H, dd, J 
7.7, 2.0Hz), 7.38-7.11 (8H, m, ArH), 7.02 (1H, d, i 7.5Hz, ArH), 4.19 (2H, 
25 q, J 7.2Hz, C0 2 Cl±>CH3), 4.09 (2H, s, CH 2 CO). 3.28 (1H, dd, 1 14.0, 
5.9Hz, CEaHb), 3.18 (1H, dd. i 14.0, 6.1Hz, CHaMb) and 1.26 (5H, t, d 
7.2Hz, C0 2 CH 2 Cfcb); mfZ (ESI, 60V) 519 (MH+). 

INTERMEDIATE 24 
30 MethYi4-f(g^ 2-fg.6^ichloroDhenvlVethenvnbenzoate 

A solution of Intermediate 16 (2.0g, 6.15mmol) in toluene (25ml) containing 
p-toiuenesuiphonic acid (100mg) was heated to reflux in a Dean-Stark 
apparatus for 4h. Toluene was then removed under reduced pressure and 
the residue purified by column chromatography (Si02; hexane:EtOAc, 5:1) 
35 to give the title compound as an off white solid (1 .64g,87%)-, 5H (CDCI3) 
8.05 (2H, d, 1 8.3Hz), 7.60 (2H, d, J 8.3Hz, ArH), 7.36 (2H, d, J_ 8.0Hz), 
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7.21 (2H, d, J 1.7Hz), 7.15-7.10 (1H, m), and 3.93 (3H, s, CO2CH3); m/i 
(ESI, 60V) 329 (MH + ). 

INTERMEDIATE 25 
5 4-ff g)-2-f2.6-Dichlorophenvltethenynberizvl alcohol 

To an ice cold solution of Intermediate 24 {1.56g, 5.08mmol) In THF (20ml) 
was added lithium aluminium hydride (1M inTHF, 5.34ml, 5.34mmoi). The 
reaction mixture was stirred for 30min and then quenched by the addition 
of water (10ml). The resulting triphasic solution was filtered through 
10 Celite® and then extracted with DCM (2 x 50ml). The combined organics 
were dried (NaaSCXi) and evaporated under reduced pressure to give the 
title compound as a colourless oil which solidified on standing (1 .5g, 99%). 
5H (CDCI3) 7.55 (2H, d, J 8.2Hz), 7.42-7.33 (4H, m), 7.20-7.08 (3H, m) 
and 4.75 (2H, d, d 5.3Hz, CHz); t&Z (ESI, 60V) 301 (M + + Na+). 

15 

INTERMEDIATE 26 

4-HEV2-<2.6-Pichloroohenyl)ethenyl'|benzyl bromide 

A solution of triphenyiphosphine (1.58h, 6.04mmol) in DCM (10ml) was 
added to a solution of Intermediate 25 (1.40g, 5.03mmol) and carbon 

20 tetrabromide (2.33g, 7.04mmol) in DCM (10ml). The resulting solution was 
stirred for 1h and then diluted with ether (150ml) and the resulting solid 
removed by filtration. The filtrate was then evaporated under reduced 
pressure and the resulting residue purified by column chromatography 
(S1O2; hexane: EtOAc, 6:1) to give the title compound as a colouiess oil 

25 (1g, 49%). 8H (CDCfe) 7.55 (2H, d, d 8.3Hz), 7.44-7.32 (3H, m), 7.23-7.09 
(4H, m) and 4.53 (2H, s, Cfcjg); m/Z (ESI, 60V) 342 (MH+) 

4-r^>2-/2.6-Dichlorophenyl )ethenvnphenylaianine ethyl ester 

30 To a solution of ethyl /V-(diphenyimethyiene)glycinate (860mg,3.21mmol) 
in THF (20ml) cooled to -78° was added lithium diisopropylamine (2M in 
heptane/THF/ethylbenzene, 1 ,68ml, 3.36mmol). The solution was stirred 
for 45min. Intermediate 26 (10g, 2.92mmol) in THF (2ml) was added and 
the resulting reaction mixture stirred for 2h at -78° and then wanned to 

35 room temperature. EtOAc (100ml) was added and the mixture washed 
with water (75mi) and brine (75ml), dried (Na2S04> and evaporated under 



40 



reduced pressure. The residue was then taken up in acidic ethanol and 
stirred for imin. The volatiles were then removed and the residue 
partitioned between EtOAc (150ml) and saturated aqueous Na2CC>3 
(100ml). The aqueous layer was extracted several times with EtOAc and 

5 the combined organics dried (Na2SO*) and evaporated under reduced 
pressure. The remaining residue was purified by column chromatography 
(Si02J EtOAc) to give the title compound as a colouress oil (860mg, 81%). 
8H (CDC1 3 ) 7.47 (2H, d,d 8.1Hz), 7.32 (2H, d, J. 8.1Hz), 7.21 (2H, d, J 
8.2Hz), 7.19-6.98 (3H, m), 4.18 (2H, q, J 7.1 Hz, C0 2 C]d2CH3), 3.71 (1H, 

10 dd, 47.8, 5.3Hz, CH), 3.10 (1H, dd, J 13.5, 5.3Hz,CfcUH B ), 2.88 <1H, dd, J 
13.5, 7.8Hz, CHaMb) and 1.26 (3H, t, J. 7.1Hz, CO2CH2CH3): m/z (ESI, 
60V) 364 (MH+) 

INTERMEDIATE 28 
15 f/V.2-Chloronicotinoyl)-4-r(£>-2-/2.6>dichlorophanyl)«thcnyH 
phenylalanine ethyl ester 

To a solution of intermediate 27 (860mg, 2.36mmol) and 2-chloronicotinic 
acid (372mg, 2.36mmoi) in DCM (25ml) was added NMM (285fii, 
2.60mmol), EDC (498mg, 2.60mmol) and HOST (352mg, 2.60mmoi). The 

20 resulting solution was stirred for 3h and then diluted with DCM (50ml) and 
brine (50ml), dried (Na 2 S0 4 ) and evaporated under reduced pressure. 
The residue was purified by column chromatography (S1O2; EtOAc) to give 
the title compound as a pale yellow oil (1 .1g, 93%). 5H (CDCI3), 8.43 (1 H, 
dd, d 4.8, 2.0Hz), 8.02 (1H, dd, J. 7.6, 2.0Hz), 7.46 (2H, d, A 8.2Hz), 7.34- 

25 6.92 (9H, m), 5.10-5.03 (1H, m, CH),4.24 (2H, q. i 7.1 Hz, CO2CH2CH3), 
3.33 (1H, dd, d 13.9, 5.8Hz, CHaHb), 3.24 (1H, dd, J 13.9,5.8Hz, CHaHb) 
and 1 .30 (3H, t. A 7.1 Hz, CO2CH2CH3); rrj/z (ESI, 60V) 503.5 (MH+). 

INTERMEDIATE 29 
30 AH2-CMoroniPQtlnpyl)-L-tyrosine methyl ester 

EDC.HCI (2.1 1g, 11mmol) was added to a mixture of L-tyrosine methyl 
ester hydrochloride (2.32g, 10mmol), 2-chioronicotinic acid (1.58g, 
lOmmol), HOBT (1.49g, 11mmol) and NMM (2.31ml, 21mmol) in DMF 
(50mi). The mixture was stirred overnight at room temperature. The 
35 solvent was removed in vacuo, the residue dissolved in EtOAc (300ml) 
and washed with dilute HCI (100ml), saturated aqueous NaHC03 
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(1Q0ml),water (3 x 100ml) and brine (50ml), dried (Na2SC>4) and solvent 
removed in vacuo to give the title compound as a yellow gum (3.27g, 
98%). 5H (DMSO-de, 300MHz) 9.21 (1H, S. OH), 9.03 (1H, d, J. 7.9Hz, 
CONH). 8.45 (1H, dd, J. 4.8, 1.9Hz, pyrH), 7.67 (1H, dd, J 7.4, 1.9Hz. 
pyrH), 7.47 (1H, dd, A 7.5, 4.8Hz, pyrH), 7.05 (2H, d, J 8.5Hz, ArH), 6.67 
(2H, d, J.8.5HZ, ArH), 4.58 (1H, ddd, J 9.6, 7.9, 5.4Hz, CHa), 3.65 (3H, s, 
C0 2 Me), 3.01 (1H, dd, J 13.9, 5.4Hz, CHaHbAO and 2.85 <1H, dd, J 13.9, 
9.6Hz, CHAHsAr), m/z. (ESI, 60V) 335 (MH+). 

INTE R MED IA TE 30 

AA./2-ChloronieotinoviVQ42.6-dichlorobenzQvlVt-tvrosln»methvt 
ester 

A solution of Intermediate 29 (919mg, 2.75mmol) in DMF (10ml) was 
added to a suspension of sodium hydride (60% in mineral oil, 3.03mmol, 
I21mg) in DMF (20ml) at 0°. After 15min, 2,6-dichlorobenzoyl chloride 
(414uJ, 2.89mmoi) was added and the mixture stirred for 2h at room 
temperature. Water (-5ml) was added and the solvent removed in vacuo. 
The residue was dissolved i nEtOAc (150ml), washed with water (3 x 
50ml) and brine (50ml), dried (Na2S04) and evaporated in vacuo. 
Chromatography (SI02; DCM/MeOH, 98:2) gave the title comound, as a 
white foam (1.1 Og, 79%). SH (DMSO-de, 300MHz) 9.12 (1H, d, J. 7.6Hz. 
CONH), 8.45 (1H, dd, 1 4.8, 2-OHz, pyrH), 7.69-7.58 (4H, m, pyrH + 
Ci 2 ArH 3 ), 7.46 (1H, dd, i 7.5. 4.9Hz, pyrH), 7.43 (2H, d, j. 8.4Hz, ArH 2 ), 
7.23 (2H, d, J 8.5Hz, ArH 2 ). 4.73 (1H, m, CHa), 3.68 (3H. s, C0 2 Me), 3.22 
(1H, dd, J. 13.9, 5.2Hz, CfcUHisAr) and 3.02 (1H, dd, J. 13.9, 10.1 Hz, 
CHAHsAr); ro/z (ES», 60V) 507 (MH+). 

INTERMEDiATE 31 

Al^2-Chioro^icottnovtVi^ethv i-ftf'^3.S-dichloro--4-picolvlVt-4- 
aminoohenylalanine methvl ester 

2-Chloronicotinoyl chloride (132mg, 0.75mmol) was added to N-methyi-N'- 
(3,5-dichioroisonicotinyl)-L-4-aminophenylalanine methyl ester [prepared 
from N-Boc-N'-phthaloyi-4-amtno-L-pheny!alanine methyl ester and methyl 
iodide, followed by treatment with hydazine monohydrate and reaction with 
3,5-dichloroisonicotinyl choride with subsequent removal of the Boc group] 
and NMM (165uJ, 1.5mmoi) in DCM (10ml). The mixture was stirred for 1h 
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at room temeprature then diluted with DCM (100ml) and washed with 
dilute HCI (30ml), dried (NaaSCvO and evaporated in vacuo. 
Chromatography (SiC*2; EtOAc/hexane, 10:90) gave the title compound as 
a colourless gum (380mg, 97%). 5H (DMSO-d 6 , 300MHz f 405K) 10.35 
(1H, br s, CONH), 8.67 (2H, s, Cl 2 pyrH), 8.42 (1H, t, J 3.4Hz, ClpyrH). 
7.55 (2H, br d, d 7.2Hz, ArH), 7.45-7.15 (4H, v br m, ArH + ClpyrH), 5.3 
<1H, v br s, GHa) , 3.74 (3H, s, C0 2 Me), 3.4-3.3 (1H, br m, ChUHBAr), 
3.16 (1H, dd, J. 14.4, 9.6Hz, CH/\HjgAr) and 2.73 (3H, br s, NMe); m/z 
(ESI, 60V) 521 (MH + ). 



rfS-2.5-dlmethoxvohenvnsulohonvl1nicotinovl-Q-^2.6-<jichlorob€nzvlV 
L-tyrosine methvl ester, 

A solution of intermediate 2 (0.79g, 1 .26mmol) in DCM (50ml) was treated 
with 3-chloroperoxybenzoic acid (2.1 7g, l2.6mmol) and stored at 4° for 
48h. The reaction was partitioned between DCM (20mf) and NaHCD3 
solution (20ml). The aqueous layer was extracted with DCM (25ml) and 
the combined organic layers washed with 1 0% aqueous Na2SC*3 (50ml), 
dried (MgSCu) and the solvent removed in vacuo to give a yellow foam 
that was purified by chromatography (SIO2; EtOAc/hexane 3:1) to give the 
title compound as a white foam, (0.50g, 60%). 5H (CDCI3) 8.58 (1H, dd. 
d 4.7, 1.7Hz, pyr-H). 7.95 (1H, dd, d 7.8, 1.7Hz, pyr-H), 7.70 (1H, d, d 
3.2Hz, Ar-H). 7.50 (1H, dd, d 7.8, 4.7Hz, pyr-H), 7.36-7.11 (6H, m, Ar-H), 
7.01 (1H, d, d 7.6Hz, NH), 6.92-6.84 (3H, m, Ar-H), 5.21 (2H, s, CH z O), 
5.10 (1H, m, CHot), 3.85 (3H, s, OMe). 3.74 (3H, s, OMe), 3.49 (3H, s, 
C0 2 Me) and 3.27 (2H, m, CHCH 2 Ar). m/Z (ESI, 60V) 659 (MH+). 



EXAMPLE 1 

g.Chloronieo«noyl-Q-<2.6-diehiorobenzvlVL-tvrosine 

A solution of Intermediate 1 (0.20g, 0.41 mmol) in THF (5ml) and water 
(5ml) was treated with lithium hydroxide monohydrate (25ml, 0.61 mmol. 
1 .5 equiv.) and stirred at room temperature for 1 .5h. The reaction was 
acidified to pH1 with 10% hydrochloric acid to give a white precipitate 
which was isloated by filtration, washed with water (5ml) and diethyl ether 
(5ml) and dried under vacuum to give the title cqmpognd as a wnlte 
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powder (0.14g, 72%). 5H (DMSO-d 6 ) 8.93 (1H, d, i 8.1Hz), 8.45 (1H, dd, 
1 2.0, 4.8Hz), 7.66 (1H, dd, J 2.0, 7.5Hz), 7.56 (2H, m), 7.47 <2H, m), 7.24 
(2H, d, J 8.6Hz), 6.99 (2H, d, J 8.6Hz), 5.20 (2H, s), 4.60 (1H, d), 3.13 (1H, 
ABX, J 4.7, 13.9H2) and 2.90 (1H, ABX, A 10.0, 13.9Hz).m/z (ES+, 60V) 
479, 481 (MH+). 

EXAMPLE 2 

2-Thio{S-2.5-dimethcxvphenyi)nicotinoyi-0-(2.fr.dicholorobenzy1>-L- 
tyrosing hydrochloride 

A solution of Intermediate 2 (0.35g, 0.56mmol) in THF (15ml) and water 
(7.5ml) was treated with lithium hydroxide monohydrate (28mg, 0.67mmoi) 
and stirred at room temperature for 16h. The reaction was acidified to pH1 
with 10% hydrochloric acid, extracted with DCM (2 x 30ml), and the 
combined organic layers were dried over MgS04, the solvent removed in 
vacuo to give a gummy residue, which was purified by chromatography 
(S1O2; 7.5% MeOH/DCM) to give a gum which was dissolved in 
acetonitrile (20ml) and water (20ml) and lyophylised to give the title 
compound as a white powder (0.26g, 71%). 5H (DMSO-d«) 8.71 (1H, m), 
8.29 (1H, dd, d 1.7, 4.8Hz), 7.75 (1H, d, A 6.0Hz), 7.56-6.94 (1 1H, m), 5.16 
(2H, s), 4.56 (1H, m), 3.68 (3H, s), 3.60 (3H, s) and 3.21-1 .96 (2H,m). m/z 
(ES+ 60V) 613, 615 (MH+). 

EXAMPLE 3 

a) 2-Thio(S-4-pi C? linv|)niCOtinoyi-<?-{2,Q-dichiorobenzyi)-L-tyrq§ine 
A solution of Intermediate 4 (0.30g, 0.52mmol) in THF (7.5ml) and water 
(5ml) was treated with lithium hydroxide monohydrate (33mg, 0.7mmoi) 
and stirred at room temperature for 16h. The pH was adjusted to 6 5-7 
with 10% hydrochloric acid to give a yellow precipitate which was isolated 
by filtration, washed with water and dried in vacuo to give the title 
compound as a yellow powder (0.28g, 95%). SH (DMSO-d®) 8.83 (1 H, d, J 
8.0Hz), 8.50 (3H, m), 7.75 (1H, d, J 7.6Hz), 7.56-7.20 (8H, m), 6.9S (2H, d, 
J 8.5Hz), 5.17 (2H, s), 4.54 (1H, m). 4.37 (2H, s), 3.12 (1H, m) and 2.97 
(1H, m). m/z (ES+, 60V) 568, 570 (MH+). 

The following compouns were prepared in a similar manner by hydrolysis 
of the corresponding methyl ester. Each ester starting material was 
obtained either by alkylation of Intermediate 3 or alterntive 



mercaptopyridine using the reagents shown using a similar procedure to 
that described for Intermediate 4: 



b) 2-Thlo-S-benzvl-nicotinovl-fO-2.6<iichlorobamvi VL.tvrofiine 

5 ester from Intermediate 3 and benzyl chloride. §H (DMSO-d6) 8.78 (1H, 
d, d 8.1Hz, pyr-H), 9.54 (1H, dd, d 4.8, 1.Hz, pyr-H), 7.69 <1H, dd, d 
7.7,1 .7Hz, pyr-H), 7.68-7.17 (1 1H, m, Ar-H), 6.94 (2H, d, d 8.6, Ar-H), 5.16 
(2H, s, CH 2 0), 4.53 (1H, m, CHa), 4.34 (2H, s, CH 2 Ar), 3.10 (1H, dd, d 
13.9, 4.6Hz, CHCtiAHsAr). 2.94 (1H, dd, d 13.9, 10.2Hz, CHCH A H.BAr); 
1 0 m/1 (ESI, 60V) 567 (MH+). 

c) 2-ThioWS-4-MethylphenY>)-nicotinoyl-/0-2.6-dlchlorob€nzyl-L- 
tyrosine 

ester from Intermediate 3 and 4-methylbenzyl chloride. 5H (DMSO-dg) 
15 8.87 (1H, d, d 8.1Hz, pyr-H), 8.31 (1H, dd, J 4.7, 1.8Hz, pyr-H), 7.70 (1H, 
dd, d 7.6, 1.7Hz, pyr-H), 7.54 (2H, m, Ar-H), 7.45 (1H, m, Ar-H), 7.32-7.17 
(7H, m, Ar-H), 6.98 (2H, d, d 8.6Hz, Ar-H), 5.17 (2H. s. CH 2 0). 4.58 (1H, 
m, CHa),3.16 (1H, dd, d 14.6, 1 4.0Hz, CHCfcUHBAr). 2.98 (1H, dd, d 14.0, 
10.1 Hz, CHCH/UdBAr) and 2.32 (3H, s, Me); m/Z {ESI, 60V) 569 (MH+). 

20 

d) 2>Thlc-S^3^icolylV^icotinovl-fO-2.6-<ilchtorobenzvlVt>tvrosine 

ester from Intermediate 3 and 3-picolyl chloride. 8H (DMSO-de) 9.04- 
8.54 (5H, m, Ar-H), 7.95-7.84 (2H, m, Ar-H), 7.56-7.43 (3H, m, Ar-H), 6.96 
(2H, d, d 8.3Hz, Ar-H), 5.17 (2H, s. CHaO), 4.55 (1H, m, CHa), 4.48 (2H, 
25 S, CH 2 pyr), 3.05 (2H, m, CHCfcbAr); m/Z (ESI. 60V) 569 (MH+). 

e) AH2-thiofS^- pieol1n V t)rileotirtovn-0-.2.6^lichlorobefizvl-t- 
tyrosine 

ester from Intermediate 3 and 3-ptcoyl chloride using OBU as base. 5H 
30 (DMSO-de) 8.8 (1H, br d), 8.57 (1H, m), 8.50 (1H, m). 7.72 (2H, m), 7.55 
(2H, d), 7.5-7.4 (2H, m), 7.3-7.15 (4H, m), 6.95 (2H, d), 5.15 (2H, s), 4.55- 
4.45 (3H, m), 3.2-3.1 (1H, m), 3.0-2.9 (1H, m); m/Z (ESI, 60V) 568 (MH+). 
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f) W-AThio<g^butftn«^e\n icQtifioytH^.a-dlchlorobenzvtV-L.- 
tyrosine 



45 



ester from Intermediate 3 and methyl-4-chlorobutyrate using K2CO3 as 
base. 8H (DMSO-dg) 8.76 (1H, d, *J 8.1Hz), 8.49 (1H, dd, J 4.8, 1.7Hz), 
7.61 {1H, dd, d 7.7, 1.7Hz), 7.55 (2H, d, J 8.9Hz), 7.45 (1H, m), 7.23 (2H, 
d, a 8.5Hz), 7.2 (1H, m), 6.96 (2H, d, J. 8.5Hz), 5.18 (2H, s), 4.53 (1H, m), 
5 3.17-2.87 (4H, m), 2.40-2.30 (2H, t, J 7.3Hz), 1.83 (2H, m); m/i (ESI, 
60V) 563 (MH+). 

9) fA/ , -3.S-Dlchloroisonicotinovn-/tf-;fT3-pvridin vimethynthio) 
isonicatinoyll-L-4-aminophen yialanine 

10 ester from 2-mercaptoisonicotinoyi-(N'-3,5-dichioroisonicotinoyi)-L-4- 
aminophenylalanine and 3-picolyi chloride. SH (DMSO-de) 10.86 (1H, s, 
CO2HJ, 8,92-8.75 (3H, m, ArH), 8.68-8.52 <2H, m), 3.39 (1H, br s), 7.75 
(2H, t, J 7.5Hz), 7.56 (2H, d, d 6.3Hz), 7.39-7.18 (4H, m), 4.60-4.47 <1H, 
m, CH) and 3.25-2.92 (2H, m. CH 2 ): m/2 (ESI, 60V) 582 (MH+). 

15 

EXAMPLE 4 

a) 2-Thio(S-2.S-dimethQXYPhenYt)niCQttn9YH^2.6- 
dichlorobertzoyl>L-4-aminophenylaIanina 

A solution of Intermediate 6 (0.44g, 0.89mmol) in THF (7.5ml) and water 
20 (5ml) was treated with lithium hydroxide monohydrate (43mg, LOmmol) 
and stirred at room temperature for 16h, then acidified to pH1 with 10% 
hydrochloric acid. The mixture was extracted with DCM (2 x 30ml) and the 
solvent evaporated in vacuo to give an off-whtte solid that was triturated 
with boiling MeOH to give the title compound as a white solid (210mg, 
25 49%). 5H (DMSO-d«) 11.18 (1H, br S, CO2H), 10.66 (1H, s, NH), 8.89 
(1H, d, d 8.0H2), 8.30 (1H, dd, J 1.6, 4.7Hz). 7.77 (1H. dd. d 1.6, 7.6Hz), 
7.62-7.45 (5H, m), 7.32 (2H, d, d 8.5Hz). 7.17 (1H, dd. d 4.8, 7.6Hz), 6.96 
(3H, m), 4.62 (1H, m), 3.70 (3H, s). 3.60 (3H, s) and 3.20-3.00 (2H, m). 
m/z (ES+) 626.628 (MH+). 

30 

The following compounds were prepared in a similar manner to the 
compound of Example 4a) by hydrolysis of the corresponding methyl ester. 
Each ester was obtained by coupling the starting materials shown 
according to the method described for Intermediate 6: 

35 

a) 2-Thio<S-2.5-dim«thoxyp henyl^nicotinovl-fW-2.S- 
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dichiorobenzoyl)-/.-4-aminophenyJalanine 

from (AA2,6-dichlorobenzoy)-L-4-aminophenylalanine methyl ester and 3,5- 
dichloropyridyl-4-carbonyl chloride. 8H( DMSO-d e ) 8.64 (2H, s), 7.60-7.46 
(5H, m), 7.24 (2H, d, J. 8.5Hz), 4.78-4.65 (1H, m). 3.22-2.85 (2H, m); 5H 
5 m/z (ESI, 60V) 528 (MH+). 

c) fA/^2.4-OlmethylnicotinovlMiV-2.6-dichlorQbenzQyi)-.L-4- 

from {A/-2,6-dichlorobenzoyl)-L-4-aminophenylalanine methyl ester and 
10 2,4-dimethylpyridyl-4-carbonyJ chloride. 5H (DMSO-d 6 ) 8.39 (1H, br d), 
8.23 (1H, d, J 5.0Hz), 7.59-7.45 (6H, m), 7.26 <2H, d, d 8.4Hz). 7.01 (1H, 
d, J 5.1Hz), 4.65-4-52 (1H, m), 3.26-3.18 (1H. m), 2.95-2.84 (1H, m), 2.17 
(3H, s), 2.01 (3H, s); m/z (ESI, 60V) 486 (MH+). 

15 d) ^2.e-DichteroiaonicotinovlV042.6-dichlorobgnzyi)-L-tyro8ine 

from 0-(2,6-dichiorobenzyl)-L-tyrosine methyl ester hydrochloride and 2,6- 
dichioropyridyl-4-carbonyl chloride. 5H (DMSO-d 6 ) 9.2 (1H, d), 7.81 (2H, 
s), 7.5-7.3 (3H,m ), 7.21 (2H, d, 1 8.5Hz), 6.93 (2H, d, J, 8.5Hz), 5.15 (2H, 
s), 4.65 (1H, m), 3.28-3.15 (1H, m), 3.05-2.95 (1H, m); mfe (£SI, 60V) 
20 513 (MH + ). 

e) W^2-nicotin oyiyO-f2.6-dichlorobenzvlVf.-tvrosine 

from 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 
nicotinoyl chloride using triethyiamine as base. 5H (DMSO-d6) 9.0-8.85 
25 (2H t m), 8.7 (lH,m). 8.14 (1H, m), 7.55-7.41 (4H, m), 7.24 (2H, d, 1 
8.6Hz), 6.95 (2h, d, A 8.6Hz), 5.16 (2H, s). 4.59 (1H, m), 3.17-3.12 (1 H, m), 

3.04- 2.96 (1H,m); m/z (ESI, 60V) 445 (MH+). 

f) itf-/3.5-DIchlor Q -4- P icolvl>-AfW3.S-clichloro-4-picotvlVL-4 -aminft; 
30 phenylalanine 

from (N-3,5-dichtoro-4-picolyl)-L-4-aminophenylalanine methyl ester and 

3.5- dichlorophridyM-carbonyl chloride. 3H (DMSO-d«, 300MHz) 9.26 
(1H, d, d 8.3Hz), 8.79 (2H, s), 8.65 (2H, s), 7.57 (2H. d, J 8.4Hz), 7.30 (2H, 
d, J 8.4Hz), 4.70 <1H,m), 3.15 (1H, dd, J 14.1, 5.2Hz) and 2.93 (1H, dd, J 

35 14.0.9.3Hz); m/Z (ESI, 160V) 527 (MH+). 
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9) /^2-Chloronicotinovl^/VW3.5-dichi oro^-picQJ Y <)-L-4-amino- 
phenvlalanlna 

from (N-3,5-dichloro-4-picolyl)-L-4-aminopheny!alanine methyl ester and 2- 
chioro-nicotinoyl chloride. 8H (DMSO-d 6 . 300MHz)12.85 (1H, br s). 10.88 
5 (1H,s), 8.97 (1H, d, J 8.1Hz), 8.79 (2H, s), 8.46 (1H, dd, J 4.8, 1.8Hz), 7.70 
(1H, dd, J 7.5, 1.8Hz), 7.59 (2H, d, d_8.4Hz) t 7.48 (1H, dd, J. 7.5, 4.8Hz), 
7.30 (2H, d, J 8.4Hz), 4.63 (1H, m). 3.16 (1H, dd, J 13.9, 4.7Hz) and 2.95 
(1 H. dd, d 13.8, 9.8Hz) rr/ 2 (ESI, 160V) 493 (MH + ). 

10 EXAMPLE 5 

a) <?-(2 l 6-dichlorobenzviVjV-(4-ac6tyi.1.2 .5-trimethyl-3- P vrrovl>-L- 
tvrosine 

Intermediate 7 (360mg, 0.68mmol) was treated with LiOH.H 2 0 (34mg, 
0.81 mmol) in dioxane (6ml), water (6ml) and MeOH (4ml) at room 

15 temperature for 2h. The solvent was removed in vacuo and the obtained 
residue taken up in water. The pH was made acidic by addition of a few 
drops of acetic acid and the obtained precipitate filtered off with water 
washing affording the title comp ound as a white amorphous powder 
(245mg, 70%). SH (d6-DMSO) 8.37 (1H, d, J. 8.2Hz, NH), 7.57-7.43 (3H, 

20 m's, aryl-ti). 7.23 (2H, d, A 8.6Hz, aryl-H), 6.95 (2H, d, J, 87.6Hz, aryl-H), 
5.18 (2H, br s, CH2-O), 4.62 {1H, m, ffltyr-H), 3.33 (3H, s t MeN), 3.13 (1H, 
dd, U 4.1, 13.8Hz, CHAHaAr), 2.32 (3H, s, MeCO), 2.01 (3H, s, pyrrole-Me) 
and 1.92 (3H, s, pyrrole-Me). m/z (ES+, 60V). 517 (MH+, 100), 519 (MH+ 
70). 

25 

The following compounds were prepared in a similar manner to the 
compound of Example 5a) by hydrolysis of the corresponding methyl ester. 
Each ester was obtained by coupling the starting materials shown 
according to the method described for Intermediate 7: 

30 

b) 0-f2.6-dlchlorobenzYiyA^4-acetY t-3.5-dlmethYl-2- P yrroyl>-i.- 
tvrosine 

from 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 3,5- 
dimethyf-4-acetylpyrrole-2-carboxylic acid. Freeze drying afforded the title 
35 compound as a light cream amorphous solid (550mg). 8H (DMSO-d6) 
11.56, (1H, s), 7.61 (1H, d, 4 7.8Hz), 7.51 (2H, d, J 8.0Hz), 7.41 (1H, t, 4 
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8.0Hz), 7.21 <2H, d,J 85Hz), 6.96 (2H, d, J 8.5Hz), 5.16 (2H, s), 4.69-4.55 
(1H, m), 3.12 (1H, dd, J 13.7, 4.7Hz), 2.99 (1H, dd, J. 13.7, 9.1Hz), 2.43 
(3H,s). 2.38 (3H, s), 2.31 (3H, s); m/Z (ESI, 60V) 503 (MH + ). 

5 c) 0-^2.6-dic hlorobenzyn-A^4-acetvl-2.5-dtmethvl-3- PV rrolvt^;-- 
tvrosine 

from 0-(2,6-dichiorobenzyl)-L-tyrosine methyl ester hydrochloride and 2,5- 
dimethyl-4-acetyl-pyrroie-3-carboxylic acid. Feeze drying afforded the title 
compound as a white amorphous solid (203mg). 5H (DMSO-de) 1 1 .2 (1 H, 
10 s), 8.83 (1H, d, J. 8.0Hz), 7.56 (2H, app.d. J 8.0Hz), 7.45 (1H, app.t, J 
8.0Hz), 7.21 (2H, d, J.8.5HZ), 6.95 (2H, d, J 8.5Hz), 5.17 (2H, s), 4.61-4.52 
(1H, m), 3.11 (1H, dd, i 13.8, 4.3Hz), 2.86 (1H, dd, J 13.8, 10.4Hz), 2.31 
(3H, s), 2.08 (3H, s), 2.07 (3H, s); m/z <ESI, 60V) 503 and 505 (MH+). 

15 d) Q-( 2,6-dichlorobenzyl)-AA<1-methyl-2-indolyl)-L-tyrosme 

from 0-(2,6-dichiorobenzyi)-L-tyrosine methyl ester hydrochloride and 1- 
methylindole-2-carboxyltc acid. Freeze drying afforded the title compound 
as a white amorphous solid (220mg). 8H (DMSO-d 6 ) 1 1 .7 (1 H, br s), 8.66 
(1H, d. J 8.3Hz), 7.65 (1H, d, d 7.9Hz), 7.53 (2H, app.d, J 811 Hz), 7.26 
20 (IH.obscured m), 7.09 (2H, app.t, d 7.5Hz), 6.96 (2H, d, J 8.5Hz), 5.16 
(2H, s), 4.64-4.54 (1H, m), 3.89 (3H, s), 3.16 (1H, dd, A 13.8, 4.3Hz) and 
3.00 (1 H, dd, J 1 3.8, 1 0.4Hz); mfe (ESI, 60V) 497 and 499 (MH+). 

e) Q^2.6-dichlorobenzvn-^-f244-chloroDhenvtV3-ftrif>uoromethv>^ 
25 -4-pvrazQyn-4-tyTQSine 

from 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 2- 
(4-ch!orophenyl)-3-(trifluoromethyl)-pyrazole-4-carboxylic acid. The t i tle 
C ompound was isolated a© an off-white solid (220mg). 5H (DMSO-d6) 
1 1.17 (1H, br s), 8.82 <1H, d. SX8-2HZ), 8.08 (1H, s), 7.65 (2H, d, 0. 8.1Hz) f 
30 7.54 (4H, app. d, J. 8.1Hz), 7.45 (1H, app. t, J 8.0Hz), 7.24 (2H, d, d 
8.3Hz), 6.98 (2H, d. A 8.3Hz), 5.18 (2H, s), 4.61-4.51 <1H, m), 3.17 (1H, 
dd, J 13.8, 4.5Hz) and 2.94 (1H. dd, i 13.8. 9.0Hz); _m/z (ESI, 60V) 527 
and 529 (MH+). 

35 f) Q-f2.fi-dichlorobenzvlVA^2-Dhenv»-4-thiazovlVL-tvrosine 
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from 0-(2,6-dichlorobenzyl)-Z.-tyrosine methyl ester hydrochloride and 2- 
phenyl-ihiazole-4-carboxy!ic acid. Freeze-drying afforded the title 
compound as a pale yellow amorphous solid (340mg). 6H (DMSO-de) 
11.2 (1H, br s), 8.40 (1H, d, J 8.1Hz), 8.31 (1H, s) 8.05-8.02 (2H, m), 7.55- 
5 7.51 (5H, m), 7.46-7.40 (1H, m), 7.23 (2H, d, J. 8.0Hz), 6.97 (2H, d, J 
7.8Hz), 5.16 (2H, s), 4.71-4.64 (1H, m), 3.18 (2H, app. d, J. 6-6Hz); rn/z 
(ESI. 60V) 527 and 529 (MH + ). 

9) f/V , -1-Methvi.5.nitropvrazo»vlWAA2.6-dichlorobenzQvn-L-4- 
10 aminophenyalanine 

from {/V-2 J 6-dichlorobenzoyl)-^--4-aminophenylalan»ne methyl ester with N- 
methyl-5-nitropyrazole-4-carboxylic acid. 5H (DMSOds) 10.64-(1H, s), 
8.68 (1H, br d), 7.80 91 H, s), 7.64-7.48 (6H, m), 7.19 (2H, d, J 8.5Hz). 
4.59-4.49 (1H, m), 4.05 (3H, s), 3.18-2.9 (2H. m); m/z (ESI, 60V) 506 
15 (MH+). 

h> Af-f2.MethYlnicotinoyl)>0(2.6^ichtorobcnzvnL-tvrosine 

from 0-(2,6-diertlorobenzyl)-L-tyrosine methyl ester hydrochloride and 2- 
methylnicotinic acid. 5H (DMSO-d 6 ) 8.73 (1H, br d), 8.48 (1H, m), 7.7- 
20 7.46 (4H, m), 7.4-7.23 (3H, m), 7.00 (2H, d. J. 8.4Hz), 5.2) (2H, s), 4.60 
91H, m), 3,27-3.12 (1H, m), 3.0-2.82 (1H, m): m/z (ESl, 60V) 509 (MH+). 

i) f/V'-2-Ch>erQnicotinoyiH^Hagn2oyl>-l.-4-am inophenvlalaninc 

from (A/-benzoyl)-L-4-aminophenylalanine methyl ester and 2- 
25 chioronicotinic acid. 8H (DMSO-d 6 ) 10.19 (1H, S), 8.96 (1H, d, J 8.2Hz), 
8.46 (1H, dd, 114.8, 1.9Hz), 7.96 (2H, dd, J 6.7, 1.7H), 7.75-7.65 (3H, m), 
7.62-7.45 (4H, m), 7.25 (2H, d, J 8.5Hz), 4.6 (1H, m), 3.2-3.12 (1H t m) t 
3.0-2.89 (1H, m), m/z (ESI, 60V) 424 (MH + ). 

30 j) A/ 4Quinoline--4^earbon yl)-0^2.&^ichloroberizvtVL-tvrosiag 

from 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 4- 
quinoline carboxylic acid. 5H (DMSO-d 6 ) 9.0 (1H, d). 8.94 <1H, d, J. 4.3), 
8.06 (1H, d, i 8.2HZ), 7.79 (2H, m), 7.62-7.42 (4H, m), 7.34 (1H, d, U. 
4.3Hz), 7.34 (2H, d, J 8.7Hz). 7.00 (2H, d, J 8.7Hz), 5.22 (2H, s), 4.72 (1H, 
35 m), 3,29-3.19 (1H, m), 3.0-2.88 (1H, m); m/S (ESI, 60V) 495 <MH+). 
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k) /V'-<2-PhenoxvnicotinovlVCM2.6-dichlorQben2 vlV^tyrosine 

from 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 2- 
phenoxynicotinic acid. 5H (DMSO-de) 8.55 (1H, d), 8.18 (2H, m), 7.6-7.4 
(5H, m), 7.3-7.15 (6H,m), 6.71 (2H, d), 5.1 (2H, s), 4.65 (1H, m), 3.22-3.0 
(2H, m); m/2 (ESI. 60V) 537 (MH+). 

I) AHPyridfpg-^-garfronyihOKg^dichiorobenzythL-tvrogine 

from 0(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 2- 
picollnic acid. 5H (DMSO-d6) 8.8-8.6 (2H, m), 8.0 (2H, m), 7.7-7.4 (4H, m), 
7.14 (2H, d, J 8.7Hz), 6.92 (2H, d, J 8.7Hz), 5.15 (2H, s), 4.72 (1H, m), 
3.17 (2H, m); mlZ (ESI, 60V) 445 (MH + ). 

m) A/-rPyridinft -4-carbon yt>-0-<2.6-dichlorobenzylVL-tyrosine 

from 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 
isonicotinic acid. SH (DMSO-de) 8.68 (2H, dd, J 4.5, 1 .6Hz). 8.4 (1H, d, d 
7.2Hz), 7.63 (2H. dd, ,14.5, 1.6Hz), 7.6-7.4 (3H, m), 7.15 (2H, d, J 8.6Hz), 
6.87 (2H, d, J 8.6Hz), 5.14 (2H, s), 4.31 (1H, m), 3.2-2.96 (2H, m); m/2 
(ESI, 60V) 445 (MH+). 

n) /M-<2-Hydroxynicotinoyl)-Q-(2.6^1ichtorobenzylVL-tvrosine> 

from 0-(2,6-dichlorobenzyl)-L-tyrosine methyl ester hydrochloride and 2- 
hydroxynicotinic acid. 5H (DMSO-d 6 ) 10.15 (1H, d, a7.4Hz), 8.31 (1H, dd, 
J 7.1, 2.0Hz), 7.71 (1H, br s), 7.65-7.45 (3H, m), 7.16 (2H, d, J. 8.4Hz), 
6.97 (2H, d, A 8.4Hz), 6.46 (1 H, t, J. 6.8Hz), 5.17 (2H, s), 4.68 (1H, m), 3.2- 
3.0 (2H, m); m/2(ESl, 60V) 461 (MH+). 

o) (W^.Aminn n l e otln^ylW/^2.6^ichlorobenzovtVL-4-aj!l!aQ 
phenylalanine 

from (A/-2,6-dichlorobenzoyl)-L-4-aminophenylalanine methyl ester and 2- 
aminonicotinic acid. 5H (DMSO-d 6 ) 10.64 (1H, s), 8.55 (1H, d), 8.06 (1H, 
m), 7.8 (1H, d), 7.7-7.4 (4H, m), 7.28 (2H. d, J 8.5Hz), 6.9 (2H, br s), 6.5 
(1H, m), 4.52 (1H, m), 3.2-2.9 (2H, m); m/z. (ESI, 60V) 473 (MH+). 



p) fN'-2-HydroxYnicotinQvl W Af-3 .5-dichloroi s oni cotinoylVL-^: 
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from (A/-3,5-dichloroisonicotinoyl)-L-4-aminophenylalanine methyl ester 
and 2-hydroxy nicotinic acid. 5H (DMS0-d6) 10.14 (1H, d, J 7.6Hz), 8.78 
(2H, s), 8.31 (1H, dd, J 7.2, 2.2Hz), 7.70 (1H, br m), 7.57 (2H, d, J 8.5Hz). 
7.20 (2H, d. i 8.5Hz). 6.46 (1H, m), 4.69 (1H, m), 3.20-2.95 (2H, m); m/z 
5 (ESI, 60V) 475 (MH+). 

q) (A/ > -2-MethylnicotinoyiW/tf^.5-dichioroisonicc3tinQVIVL-4- 

amlppptonytajanine, 

from (/V-3,5-clfchloroisonicotinoyl)-L-4-aminophenylalanind and 2- 
10 methylnicotinic acid. 5H (DMSO-d6) 8.78 (2H, s), 8.60 (1H, br d), 8.48 
(1H, dd, J4.8, 1.6Hz), 7.7-7.5 (3H, m), 7.4-7.2 (3H, m). 4.5 (1H, ), 3.3-2.85 
(2H, m), 2.34 (3H, s); m/z. (ESI, 60V) 473 (MH+). 

r) frV'-2.5-DlchlQrQb^nzQyiWAA2-phttnQxynlcotinQyn-L-4- 
15 aminoohenvlalanine 

from (N-2,6-dichlorobenzoyl)-L-4-aminophenylalanine methyl ester and 2- 
phenoxynicotinic acid. 5H (DMSO-de) 10.61 (1H, s). 8.56 (1H, d, A 7.5Hz), 
8.22-8.17 <2H, m), 7.59-7.39 (8H, m), 7.27-7.11 (7H, m), 4.72-4.64 (1H, m, 
CH), 3.16 (1H, dd, J. 13.7,4.9Hz, CH A H B ) and 3.06 (1H, dd, J. 13.7, 
20 7.8Hz,CHaHb); m/2 (ESI, 60V) 550 (MH+). 

s) <AI'3.5-DlehloroisonicotinovlW/tf-2-DhenQxvnicotfnQVtV<.-4- 

from (N-3,5-dlchloroisonlcotinoyl)-L-4-aminophenyialanine methyl ester 
25 and 2-phenoxynicotinic acid. 5H (DMSO-d6) 10.79 (1H, s), 8.78 (2H, s, 
ArH), 8.57 (1H. d, J. 7.6Hz), 8.25-8.13 (2H, m), 7.46-7.35 (4H. m), 7.29- 
7.05 (6H, m), 4.73-4.62 (1H, m, CH), 3.17 (1H, dd, i 13.7, 4.7Hz, CHaHb) 
and 3.09 (1H, dd, d 13.7, 7.8Hz. CHaHb); mfz (ESI, 60V) 551 (MH + ). 

30 t) /M/d-Ac«tvU1 ,2.S.trimethvl-1 H.ovrrQle-3-carbonvlVAf -(3,5- 
H«gh»nrn-4- P icQlyiVf--4-aminoDhenvla»anirf 

from (N-3,5-dlchloro-4-picolyl)-L-4-aminophenylalanine methyl ester and 4- 
acetyl-1,2,5-trimethyl-1H-pyrrole-3-carboxylic acid. 5H (DMSO-dg, 
300MHz) 400K) 12.72 (1H, br s), 10.83 (1H,s), 8.80 (2H, s), 8.42 (1H, d, J 
35 8.4Hz), 7.54 (2H. d, J. 8 5Hz), 7.30 (2H, d, J. 8.4Hz), 4.66 (1H, m), 3.34 
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(3H, s), 3.16 (1H, dd t J 13.8, 4.3Hz), 2.89 (1H, dd, J 13.8, 11.0Hz).2.32 
(3H, s), 2.05 (3H, s) and 1 .90 (3H, s); m/z (ESI, 60V) 531 (MH+). 

u) iV-(4-fCarboxy^nicotlnov>V-WW3.5-dichloro-4>pleolviWL-4- 
5 aminophenylalanine 

from (N-3,5-dichIoro-4-picolyI)-L-4-aminophenyla!anine methyl ester and 
4-(methoxycarbonyl)nicotinic acid . 5H (DMSO-d 6 , 300MHz) 10.98 (1H, s). 
9.01 (1H, d, J 8.0Hz), 8.77 (2H.S), 8.63 (1H, s), 7.66 (1H, d, J 5.1Hz), 7.59 
(2H, d, J_8.5Hz), 7.32 (2H, d, d8.5Hz), 4.63 (1H, m), 3.14 (1H, dd, A 13.9, 
1 0 5.4H2) and 3.03 (1H, dd, J 1 3.9, 8.8Hz); m/z. (ESI, 1 60V) 503 (MH+). 

v) (2-A^tyl-3-thienyl)carbonyK/V-3,5-dichloro-4-picq»nyl)-4- 
aminophenylalanine 

from (N-3,5-dichloro-4-picolyl)-L-4-aminophenytalanine methyl ester and 2- 
15 acetyl-thiophene-3-carboxylic acid. 5H (DMSO-de) 9.17 (1H, d, J 8.2Hz, 
NH), 8.77 (2H, s, pyr-H), 7.99 (1H, d, J 5.1Hz, thiophene H-5), 7.57 (2H, 
ABd, J 8.5Hz, Ar-H), 7.31 (2H, ABd, 2H, J. 8.5Hz, Ar-H). 7.07 (1H, d, J 
5.1Hz, thiophene H-4), 5.38 (1H, m, CHa) 3.18 (1H, dd, JL 13.8, 4.6Hz, 
CHCIdAHaArL 2.93 (1H, dd. J 13.8, 10.3Hz, CHCHAtlBAr) and 2.26 (3H, s, 
20 COMe); m/z (ESI, 60V) 506 (MH + ). 

EXAMPLE 6 

a) 2-Chlor9ni^inpyi-(A^2 l 6-dichl9r9l?en2Qyl)-L^- 
aminophenylalaninc 

25 Lithium hydroxide monohydrate (1 09mg, 2.5mmol) was added to a solution 
of Intermediate 8 (450mg, 1mmol) in a mixture of THF (10ml) and water 
(10ml). The mixture was stirred for 2h at room temperature, then the THF 
was evaporated in vacuo. The aqueous residue was neutralised (1M 
hydrochloric acid), and the precipitate isolated by filtration, washed with 

30 water and dried to give the title compound (300mg, 61%). SH (DMSO-d 6 , 
400K) 8.90 (1H. d, J. 9.1 Hzm 1NH), 8.48 (1H, m, Py H), 7.69 (1H, m, Py 
H), 7.64-7.45 (7H, m, 4ArH, 1 NH, 1 PyH), 7.29 (2H, d. J 8.3Hz, 2 ArH), 
4.66-4.53 (1H, m, CHoetyr). 3.18 (1H, dd, J. 14, 5.2Hz CfcUHaAr), and2.91 
(1H, dd, J 9.6. 14Hz, CH/v^sAr). m/z (ESt, 60V) 491 (MH + ). 

35 

The following compounds were prepared in a similar manner 
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b) /tf-f2-ChIorQnicotinQ yiVO-r2.6-dichloroben2oyl)-i.-tyro8ine 

from Intermediate 30 to give the title compound as a white solid. 8H 
(DMSO-de, 300MHz) 12.91 (1H, br S, C0 2 H), 8.98 (1H. d, M 8.3Hz, 
5 CONH), 8.44 <1H, dd, J. 4.8, 1.9Hz, PyH), 7.69-7.58 (4H, m, Cl 2 Arfcl3 + 
PyH), 7.45 (1H, dd, J. 7.5, 4.9Hz, PyH), 7.43 (2H, d, J 8.7Hz, ArH), 7.22 
(2H, d, J 8.5Hz, ArH), 4.67 (1H, ddd, d 10.0, 8.2, 4.7Hz, CHcc), 3.24 (1H, 
dd, J 14.0, 4.0Hz, CHAH 0 Ar) and 2.99 (1H, dd, J 13.9. 10.2Hz, CHAH B Ar); 
m/z (ESI, 60V) 493 (MH+). 

10 

C) A/-/2-Chloronieotlnovl\-A/-m ethyl-A/W3.5-dichioro-4-Dicoivn-L-4^ 
aminophenylalanine 

from Intermediate 31 to give the title compound as a white solid SH 
(DMSO-de, 300MHz, 405K) 1 0.36 (1H, br s, CONH), 8.67 (2H, s, C$ 2 PyH), 
15 8.42-8.39 (1H. m, CIPyH), 7.54-7.15 (6H, br m, 4 x ArH + 2 x CIPyH), 5.30 
(1 H, v br s, CHa), 3.4-2.6 (5H, br m, NMe + CHCtfcAr) (Acid proton not 
observed at 405K, at 300K 8H 1 3.06 (1 H, br s, CO2H)): m/Z (ESI, 70V) 
507 (MH+). 

d) rfS-2.5-diinethoxY P henYl)aulpiiQnymiieQtinQvi-042.6- 
20 dichtorobenzyt)-L-tyrosine 

from Intermediate 32 5H (DMSO-ds) 8.57 (2H, m, pyrH, NH), 7.83 (1 H, d, 
A 7.8Hz, pyr-H), 7.69 (1H, dd, i 7.8. 4.7Hz, pyr-H), 7.55 (4H, m, Ar-H), 
7.28-7.22 (3H, m, Ar-H), 7.07 (1H. d, d 9.1 Hz, Ar-H), 6.95 (2H, d, J 8.5Hz, 
Ar-H), 5.18 (1H. s, CH2O), 4.55 (1H, m, CHa),3.81 (3H, s, OMe), 3.40 (3H, 
25 s, OMe) and 3.07 (2H, m, CHCfcfeAr). m/z (ESI, 30V) 645 (MH+). 

e) 2-/rf2-Chloro^-Dvridinv»carbonvnamino>>3-(4-(f2.6- 
d1chloroanitino) carbonyllphenynpropanoic acid 

from Intermediate 15 to give the title compound as an off white solid 5H 
30 (DMSO-de. 300K) 11.06 (1H, br s), 10.23 (1H, brs), 9.00 (1H, d, J 7.8Hz), 
8.46 (1 H, br d), 7.95 (2H, d, J 7.4Hz>, 7.69 (1 H, d. J 7. 1 Hz). 7.59 (2H, d. J 
8.0Hz), 7.50-7.36 (3H, m), 4.71 (1H, br), 3.26 (1H) and 3.06 (1H, dd, J 
1 3.8, 1 0.0Hz); m/z (ESI, 60V) 492 (MH+). 
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f) 2-frf2-Chloro-3-pvridinvi) carbonvnaminot-3-f4-frr a.S-dichloro-4- 
pyridinyOamino]carbony!}phenyl propionic acid 

from the corresponding inermediate ester prepared in a similar way to 
Intermediate 1 5 to give tills, compounds as an offwhite solid. 5H (DMSO- 
d 6 , 300MHz) 12.92 (1H, br s), 10.57 (1H, s), 9.00 (1H, d, d 8.2Hz), 8.75 
(2H, s), 8.45 (1H, dd, J 4.7, 1.7Hz), 7.96 (2H, d, si 8.15Hz), 7.69 (1H, d, J 
7.3, 1.7Hz) , 7.49 (2H, d, J 8.0Hz), 7.48 (1H, 4.71 (1H, br m), 3.28 (1H, dd, 
J. 13.9, 4.7Hz) and 3.06 (1H, dd, J 13.9, 10.0Hz); m/z (ESI, 60V) 483 
(MH-). 

EXAMPLE 7 

2-Thio(S^ceticac»d)nicQtlnpyl"Q^^6-d»Chlorofaenayl>-i.-tyfosine 

Lithium hydroxide monohydrate (75mg, 1 .8mmol) was added to a solution 
of Intermediate 9 (360mg, 0.6mmol) in a mixture of THF (13ml) and water 
(1 0ml). The mixture was stirred for 2hr at room temperature, then the THF 
was evaporated in vacuo. The aqueous residue was neutralised (1M 
hyrochloric acid), and the precipitate isolated by filtration, washed with 
water and dried to give the title compound (200mg, 58%). 5H (DMSO-de), 
400K), 8.5-8.35 <2H, m, pyrH, 1NH), 7.71 (1H, dd, J 1.7, 7.6. pyrH), 7.57 
(2H, d, J. 8.9, 2ArH), 7.45 (1H, m, lArH). 7.22 (2H, d, J 8.5. 2ArH). 7.18 
(1H. m, 1pyrH), 6.97 (2H, d, J. 8.5, 2ArH) t 5.18 (2H, s, OCH2Ar), 4.43 (1H, 
m, CHatyr), 3.82 (2H, s, SCU2CO2H), 2.94-3.23 (2H, m, CH 2 Ar); m/z (ESI, 
QOU) 535 (MH+). 

EXAMPLE g 

2-ThiofS-methyr)nicotj noyi-Q^2.6-<lichtoroben2vlVL-tvrosine 
Lithium hydroxide monohydrate (140mg, 3.3mmol) was added to a solution 
of Intermediate 10 (l.4gm, 2.7mmol) in a mixture of THF (10ml) and water 
(1 0ml). The mixture was stirred for 2 hr at room temperature then the THF 
was evaporated in vacuo. The aqueous residue was neutralised (1M 
hydrochloric acid), and the precipitate isolated by filtration, washed with 
water and dried to give the title compound (1 .1gm, 81%). 5H (DMSO-d6, 
400K) 8.73 (1H, d. J 8.1, NH), 8.52 (1H, dd, A 1.7. 4.8. 1pyrH). 7.67 (1H, 
dd, d 1-7, 7.6, ipyrH), 7.55 (2H, d. d 8.9, 2ArH), 7.45 (1H, dd, d 2.3, 8.9, 
1ArH), 7.24 (2H. d. d 8.6, 2ArH), 7.16 (1H, m, IpyrH). 6.99 (2H,d, d 8.6, 
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2ArH), 5.18 (2H, s, OCH 2 Ar), 4.55 <1H, m, CH 2 tyr), 3.16-2.95 (2H, m, 
CH2AO and 2.38 (3H, s, SCH3); m/z (ESI, GOU) 491 (MH+). 

E XAM P L E 9 

5 r/V-2-Chloronicotino Y l)-4-^EV2^2.6-dichlorophenvl^th6nyll 
phenylalanine 

To a solution of Intermediate 28 (1.0g, 1.99mmol) in THF (5ml) and water 
(5ml) was added lithium hydroxide monohydrate (88mg 2.09mmol). The 
reaction mixture was stirred for 1 h. The THF was then removed in vacuo 

10 and the remaining aqueous solution acidified to pH6 with 1M hydrochloric 
acid. The resulting precipitate was collected and washed with water and 
ether and finally freeze dried. The resulting compound contained an 
impurity so a small amount was purified by preparavie HPLC (98mg). 5H 
(DMSO-d 6 ) 12.90 (1H, dr s, C0 2 ii), 8.98 (1H, d, J 8.0Hz), 8.45 (1H, d, J 

15 3.4Hz), 7.70-7.03 (9H, m), 4.72-4.60 (1H, m, CH), 3.20 (1H, dd, A 14.0, 
4.5Hz, CHaHb) and 3.01 (1H, dd. J 14.0, 9.9Hz, CHaHb); m/Z (ESI, 60V) 
475 (MH+). 

EXAMPLE 10 

20 ^2^hloron<cotfnoyl>-4.r2-(2.6-dlchlorophenvn«2>hydroxyethvn 
phenylalanine 

Lithium hydroxide monohydrate (13mg) was added to a solution of 
Intermediate 22 (150mg. 0.29mmol) in THF (5ml) and H 2 0 (5mi). The 
solution was stirred for 1 h and then the THF removed in vacuo and the 

25 remaining aqueous solution acidified to pH6 with 1 M hydrochloric acid. 
The solid precipitate formed was collected by filtration, washed with 
copious quantities of water and finally freeze dried to give the title 
compund as a fluffy white solid (70mg, 49%). 8H (DMSO-de) 12.78 (1 H, 
br s, C0 2 fci), 8.90 (1H, d, d 8.0HZ). 8.45 (1H, d, A 4.8Hz). 7.63-7.58 (1H. 

30 m. ArH), 7.49-7.45 (1H, m, ArH). 7.34-7.07 (7H, m. AfH), 5.50-5.45 (1 H, m, 
CH), 4.61-4.51 (1H. m, CH) and 3.30-2.35 (4H, m, 2 x CH 2 ); m/z. (ESI, 
60V) 493 (MH + ). 

EXAMPLE 11 

35 fiV-2-ChtorQnicotinovlM4-r2-r2-diehloroph e nvn- ^x9^mvn} 
phenylalanine 
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Lithium hydroxide monohydrate (36mg, O.aSmmol) was added to a 
solution of Intermediate 23 (400mg, 0.77mmol) in THF (5ml) and water 
(5ml). The reaction mixture was stirred for 3h and then the THF was 
removed invacuo. The remaining aqueous solution was acidified with 1 M 
5 hydrochloric acid. The resulting white precipitate was collected and 
washed well with water. Further purification by column chromatography 
(Si02l acetic acid: MeOH:DCM,2:8:90) gave the title compound as a white 
solid (78mg t 19%). 8H (DMSO-d 6 ) 8.45 (iH.dd, J.4.8, 2.0Hz), 8.03 (1H, 
dd, J 7.7, 2.0Hz), 7.36-7.20 {8H, m. ArH), 6.98 (1H, d, 4 7.2Hz, ArH), 5.14- 
10 5.05 (1H, m f CH), 4.11 (2H, s, CHzC-0)m, 3.39 (1H, dd, J_ 14.1, 5.6Hz, 
CHaHb) and 3.25 (1H, dd, J_ 14.1, 6.2Hz, CHaMb); m/z (ESI, 60V) 491 
(MH+). 

ocAp] _lnteqrin-dependent Jurk at cell adhesion to VCAM-to 
15 96 well NUNC plates were coated with F(ab)2 fragment goat anti-human 
IgQ Fey-specific antibody [Jackson Immuno Research 109-006-098: 100 uJ 
at 2 u.g/ml in 0.1 M NaHCOa. pH 8.4], overnight at 4°. The plates were 
washed (3x) in phosphate-buffered saline (PBS) and then blocked for 1 h tn 
PBS/1% BSA at room temperature on a rocking platform. After washing 
20 (3x in PBS) 9 ng/ml of purified 2d VCAM-lg diluted in PBS/1% BSA was 
added and the plates left for 60 minutes at room temperature on a rocking 
platform. The plates were washed (3x in PBS) and the assay then 
performed at 37° for 30 min In a total volume of 200 uJ containing 2.5 x 1 0 5 
Jurkat cells in the presence or absence of titrated test compounds. 

25 

Each plate was washed (2x) with medium and the adherent ceils were 
fixed with 100uJ methanol for 10 minutes followed by another wash. 100uJ 
0.25% Rose Bengal (Sigma R4507) in PBS was added for 5 minutes at 
room temperature and the plates washed (3x) in PBS, lOOyJ 50% (v/v) 
30 ethanol in PBS was added and the plates left for 60min after which the 
absorbance (570nm) was measured. 

rx a p z Integrin-deoe ndent JY cell adhesion to MAdCAM-iq 

This assay was performed in the same manner as the 0481 assay except 
35 that MAdCAM-lg (1 50ng/ml) was used in place of 2d VCAM-lg and a sub- 
line of the B-lympho blastoid cell-line JY was used in place of Jurkat cells. 



57 

The IC50 value for each test compound was determined as described in 
the ct4{3i integrin assay. 

ggft x Inteqrin-dependent K562 cell adhesion to fibronectin 

5 96 well tissue culture plates were coated with human plasma fibronectin 
(Sigma F0895) at 5u.g/ml in phosphate-buffered saline (PBS) for 2 hr at 
37°C. The plates were washed (3x in PBS) and then blocked for th in 
100u.l PBS/1% BSA at room temperature on a rocking platform. The 
blocked plates were washed (3x in PBS) and the assay then performed at 

10 37°C in a total volume of 200|jU containing 2.5x 1 0 5 K562 cells, phorbol-1 2- 
myristate-13-acetate at 10ng/ml, and in the presence or absence of titrated 
test compounds. Incubation time was 30 minutes. Each plate was fixed 
and stained as described in the a4$i assay above. 

15 ot^p^-dependent human polymorphonuclear neutrophils adhesion to 
plastic 

96 well tissue culture plates were coated with RPMI 1640710% FCS for 2h 
at 37°C. 2 x 10 s freshly isolated human venous polymorphonuclear 
neutrophils (PMN) were added to the wells in a total volume of 200uJ in the 

20 presence of 10ng/ml phorboM2-myristate-13-acetate, and in the presence 
or absence of test compounds, and incubated for 20min at 37«>C followed 
by 30min at room temperature. The plates were washed in medium and 
100uJ 0.1% (w/v) HMB (hexadecyl trimethyl ammonium bromide, Sigma 
H5882) in 0.05M potassium phosphate buffer. pH 6.0 added to each well. 

25 The plates were then left on a rocker at room temperature for 60 min. 
Endogenous peroxidase activity was then assessed using tetramethyl 
benzidine (TMB) as follows: PMN lysate samples mixed with 0.22% H2O2 
(Sigma) and 50u.g/ml TMB (Boehringer Mannheim) in 0.1 M sodium 
acetate/citrate buffer, pH 6.0 and absorbance measured at 630nm. 

30 

ntllb/fa -dependent human platelet aggr e g ation 

Human platelet aggregation was assessed using impedance aggregation 
on the Chronolog Whole Blood Lumiaggregometer. Human piatelet-rich 
plasma (PRP) was obtained by spinning fresh human venous blood 
35 anticoagulated with 0.38% (v/v) tri-sodium citrate at 220xg for 10 min and 
diluted to a cell density of 6 x 10 a /ml in autologous plasma. Cuvettes 
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contained equal volumes of PRP and filtered Tyrode's buffer (g/liter. NaCI 
8.0; lvfgCI 2 -H 2 0 0.427; CaCI 2 0.2; KCI 0.2; D-glucose 1.0; NaHC0 3 1.0; 
NaHP04.2H20 0.065). Aggregation was monitored following addition of 
2.5u.M ADP (Sigma) in the presence or absence of inhibitors. 

5 

In the above assays the compounds of the invention generally have IC 50 
values in the o^fh and oup*7 assays oi 1 p.M and below. Thus compounds 
of the Examples typically had IC50 values of 100nM and below in these 
assays and demonstrated selective inhibition of cc4fl1 . In the other assays 
1 0 featuring a integrins of other subgroups the same compounds had IC50 
values of 50(iM and above thus demonstrating the potency and selectivity 
of their action against 04 integrins. 



